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ness  of  the  banks,  are  still  in  good  condition.  At  the  upper  end  of  the 
canal  there  was  a  guard  lock,  and  probably  a  dam,  but  the  gates  of  the  lock 
are  gone  and  the  dam  now  consists  only  of  a  few  stones  piled  up  roughly. 
The  bed  rock  at  this  place  is  said  to  be  very  favorable  for  the  construction 
of  a  dam  across  the  river.  Nearly  4  miles  below  the  head  of  the  canal 
there  was  a  descent  in  four  canal  locks  with  a  total  lift  of  30  feet.  The 
total  fall  at  these  locks  now  practically  available  for  power  is  31  feet. 
The  land  in  the  vicinity  otters  good  building  sites. 

At  the  lower  end  of  the  canal  a  fall  of  48  feet  between  the  level  of  the 
canal  and  the  river  was  overcome,  at  the  time  the  canal  was  used  for 
purposes  of  navigation,  by  a  flight  of  six  locks  with  8  feet  lift  each. 
These  locks  have  since  been  abandoned  and  removed.  At  the  lower  end 
of  the  canal  the  company  has  erected  a  corn  mill,  having  a  daily  capac- 
ity of  2,000  bushels,  with  a  grain  elevator  of  50,000  bushels  capacity 
attached,  and  a  cotton-seed  oil  mill  with  a  capacity  of  35  tons  per 
twenty-four  hours.  The  two  mills  use  about  250  horsepower.  The 
total  available  low-water  fall  for  power  at  this  point  is  45  feet.  All 
these  mills  discharge  the  water  directly  into  the  river,  and  are  situ- 
ated from  100  to  200  yards  above  the  old  locks.  They  can  run  full 
capacity  all  the  year,  except  occasionally  at  times  of  high  water.  There 
is  no  trouble  from  ice. 

The  recent  development  which  was  completed  a  few  years  ago  con- 
sists of  the  enlargement  of  the  prism  of  the  original  canal  to  the  follow- 
ing dimensions:  23  feet  at  bottom,  35  feet  wide  at  normal  surface  of 
water,  and  4  feet  deep;  the  construction  of  head  gates  with  the  neces- 
sary masonry,  the  raising  and  repairing  of  waste  ways  and  waste  gates, 
the  construction  of  a  wasteweir  and  gates  at  the  foot  of  the  basin  at 
Weldon,theraisingandrepairingof  themasonryof  theChockeotte  Creek 
aqueduct,  and  the  raising  and  strengthening  of  the  banks  of  the  canal 
throughout  its  length.  The  canal,  with  the  foregoing  dimensions,  with 
smooth  surfaces,  and  with  a  bottom  grade  of  1  foot  a  mile,  has  a  capac- 
ity for  carrying  259  cubic  feet  of  water  per  second.  It  is  constructed 
in  two  reaches  or  levels,  the  first  or  upper  one  extending  from  the  head 
of  the  canal  to  the  combined  locks,  a  distance  of  about  3:^  miles,  secur- 
ing a  fall  of  31  feet  at  said  locks.  The  second  level  extends  a  distance 
of  about  5jL  miles  from  the  locks  to  the  terminus  of  the  canal  at  Wcldon, 
where  a  fall  of  45  feet  can  be  secured  when  the  water  in  the  river  is  at 
low-water  stage. 

The  development  work  of  the  Eoanoke  Eapids  Water  Power  Com- 
pany also  lies  on  the  south  side  of  Koanoke  River  between  VVeldon  and 
Gaston,  beginning  li  to  2  miles  below  the  upper  end  of  the  Eoanoke 
Navigation  and  Water  Power  Com])any's  canal,  on  the  same  side  of  the 
river,  and  terminating  nearly  2  miles  below  in  the  great  bend  of  the 
river,  where  the  lactones  are  located.  The  upper  1  mile  of  the  canal  is 
formed  by  the  right  bank  and  a  chain  of  islands,  which  are  connected 
by  dams  made  of  wood  and  stone.    The  longer  of  these  connecting  dams 
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Department  of  the  Interior, 
United  States  Geological  Survey, 

Division  of  Hydrography, 

Washington,  June  1,  1898. 

Sir  :  I  have  the  honor  to  transmit  herewith  the  manuscript  for  a 
vohiiue  on  hydrography,  prepared  for  publication  as  one  of  the  parts 
of  the  Nineteenth  Annual  Report  of  the  Survey.  The  greater  ])ortion 
of  this  material  consists  of  the  results  of  investigations  carried  on 
during  the  calendar  year  1897.  The  first  paper,  composite  in  character, 
discusses  the  results  of  measurements  of  the  flow  of  various  streams 
in  different  parts  of  the  United  States,  the  data  being  presented  in 
diagrammatic  form  as  well  as  by  statistical  tables.  The  arrangement 
adopted  for  this  progress  report  is  a  geographic  one,  beginning  in  the 
extreme  northeastern  part  of  the  United  States  and  ending  in  the 
extreme  southwestern.  A  number  of  pajjers  independently  prepared 
have  been  incorporated  in  this  progress  report,  after  such  modification 
as  was  necessary  to  bring  them  into  accord  with  the  scheme.  For 
example,  a  paper  prepared  by  Prof.  Dwight  Porter,  and  intended  orig- 
inally for  publication  in  the  Water-Supply  and  Irrigation  series,  suj^- 
plies  data  concerning  the  flow  of  the  rivers  of  Maine,  giving  also  the 
industrial  application  of  these  natural  resources.  Another  paper,  by 
Mr.  J.  B.  Lippincott,  upon  the  development  of  irrigation  in  the  vicinity 
of  San  Bernardino,  also  prepared  originally  for  independent  publica- 
tion, supplies  other  needed  data  concerning  the  behavior  of  streams  in 
that  region  and  at  tlie  same  time  brings  <mt  the  methods  of  utilization 
of  the  water  resources  of  that  country.  This  also  has  been  inserted  in 
its  proper  geographic  order.  A  considerable  amount  of  data  concern- 
ing stream  flow  has  also  been  obtained  from  various  sources,  particu- 
larly from  the  engineer  officers  of  the  Army  and  from  individuals  or 
corporations.  All  of  these  facts  have  been  included  and  reference 
made  to  the  sour(;es  of  information.  The  great  body  of  facts,  however, 
are  those  resnlting  from  the  field  work  of  the  hydrographers  ol"  the 
Cieological  Survey  or  of  engineers  cooperating  with  them. 

Following  the  report  of  results  of  stream  measnreinents  are  two 
])apers  treating  of  the  occurrence  and  utilization  of  waters  obtained 
fn)ni  beneath  th(!  sni  face  of  the  earth.  This  general  subject  of  under- 
ground waters  is  not  as  yet  susceptible  of  a  systematic  geographic 
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treatment,  but  particular  problems  have  been  taken  up,  resultingr  in 
wholly  independent  rei)orts. 

The  first  of  these  is  that  by  Prof.  Edward  Orton  on  the  deep  wells 
of  Ohio.  This  was  prepai'ed  originally  with  the  intention  of  printing  it 
in  the  Eighteenth  Annual  Report,  Part  IV,  with  Mr.  Frank  Leverett's 
general  discussion  of  the  underground  waters  of  Ohio  and  Indiana,  but 
the  ill  health  of  Professor  Orton  and  the  pressure  of  other  matters  pre- 
vented the  accomplishment  of  this  project,  and  the  paper,  delayed  by 
unavoidable  circumstances,  is  now  presented.  The  other  j^aper  is  that 
by  Mr.  N.  H.  Darton,  geologist,  giving  the  results  of  his  general  studies 
in  Nebraska,  carried  on  through  two  field  seasons,  and  particularly  the 
data  acquired  during  1897  in  the  western  end  of  the  State,  in  the 
portion  north  of  Colorado,  adjacent  to  Wyoming  and  to  the  Black  Hills 
region  of  South  Dakota. 

In  these  papers  the  attempt  has  been  made  to  present  not  only  the 
facts  disclosed  by  examination  and  survey,  but  to  discuss  these  facts 
and  to  give  in  connection  with  them  examples  of  what  has  already  been 
accomplished  in  the  employment  of  the  water  resources  for  power, 
irrigation,  and  municipal  supply,  the  aim  being  not  only  to  give 
scientific  information,  but  to  keep  always  in  touch  with  the  industiial 
application  of  the  facts  presented. 

Very  respectfully,  F.  H.  Newell, 

Hydrograplier  in  Charge. 

Hon.  Charles  D.  Walcott, 

Director  J  United  States  Geological  Survey. 
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IXTRODI  CTION. 

A  study  of  the  water  resoui  (!es  of  the  United  States  has  been  carried 
on  consecutiv'ely  for  ten  years,  brin<>ing  together  data  for  scientific  and 
industrial  application  concei  ning  the  distribution  and  the  fluctuation  of 
waters,  both  surface  and  underground.  Previous  to  1888  matters  of 
this  kind  were  frequently  the  subject  of  si)ecial  inquiry  in  connection 
with  to])Ographic  or  geologic  surveying,  but  it  was  not  until  the  authority 
was  specifically  conferred  by  the  acts  of  March  20  and  October  2, 1888, 
that  the  subject  became  one  of  separate  and  continuous  inquiry. 

Beginning  with  the  organization  of  the  work  during  the  winter  of 
1888-89,  and  the  operations  of  the  succeeding  field  season,  the  work 
has  been  continued  under  the  same  general  plan  and  under  direction 
of  a  single  individual  until  the  methods,  tentative  at  first,  have  attained 
to  something  of  the  established  routine  essential  to  rapidity  and  economy 
of  execution.  The  continuity  of  purpose  through  a  decade  has  eiuibled 
the  accomplishment  of  results  through  moderate  expenditures  whi(di 
would  have  been  impossible  of  attainment  by  larger  sums  administered 
with  less  consistent  puri)ose. 

The  attempt  is  made  to  obtain  data  concerning  the  flow  of  streams  in 
all  parts  of  the  United  States.  It  is,  of  course,  impossible  with  moderate 
means  to  measure  all  the  rivers,  and  therefore  choice  must  be  made  of 
those  where  the  best  results  can  be  had  with  the  least  outlay  of  time 
and  money.  The  measurement  of  the  surface  flow  is,  however,  only 
one  part  of  the  i)roblem,  for  the  questions  i)ertaining  to  the  underground 
supplies  are  often  as  imjmrtant  as  those  concerning  the  visible  waters. 
A  survey  of  the  waters  beneath  the  surface  offers  even  more  obstacles, 
and  while  it  is  possible  to  adopt  a  general  geographic  arrangement  for 
the  discussion  of  data  concerning  surface  flows,  it  is  not  so  easy  to  do 
so  with  the  underground  waters,  as  the  distribution  of  these  is  modified 
by  many  geologic  conditions.  Thus  it  lias  been  found  desirable  to  treat 
the  discussion  of  the  surface  supply  by  itself,  incorporating  in  a  somewhat 
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arbitrary' geographic  arrangement  all  of  the  data  available,  and  to 
supplement  this  by  the  individual  and  somewhat  disconnected  papers 
regarding  the  waters  reached  by  wells  in  various  areas  or  States. 

In  the  operations  of  obtaining  the  figures  relating  to  the  discharge 
of  a  stream  there  are  two  classes  of  facts  required.  The  first  is  the 
statement  of  what  has  been  done  at  each  locality  and  the  measurements 
made.  From  these  original  observations  there  is  then  obtained  by  ofiBce 
work  a  second  set  of  data,  based  on  the  first,  but  giving  in  more  or 
less  concise  form  the  probable  flow  day  by  day.  The  facts  first  men- 
tioned— those  resulting  from  field  work — can,  of  course,  be  stated  imme- 
diately after  the  operations  are  performed.  The  resulting  computations, 
however,  usually  require  for  accuracy  the  digestion  of  the  field  notes 
obtained  through  one  or  more  seasons,  and,  to  be  clearly  shown,  necessi- 
tate the  preparation  of  diagrams.  From  this  condition  it  has  been 
found  desirable  in  the  statement  of  results  to  make  what  might  be  con- 
sidered double  publication.  In  the  first  is  given  briefly  and  as  soon 
as  possible  after  the  close  of  the  calendar  year  a  statement  of  the  field 
operations  and  the  immediate  results  of  measurements.  In  the  case  of 
the  year  1897  these  data  have  been  printed  as  Water-Supply  and  Irri- 
gation Papers,  Kos.  15  and  IG.  These  give  a  description  of  each  local- 
ity at  which  stream  measurements  were  made,  together  with  the  details 
of  bench  marks,  initial  points,  character  of  channel,  current-meter 
measurements,  and  the  record  of  average  height  of  water  day  by  day. 
These  facts  are  thus  made  at  once  available  for  the  use  of  hydrographers 
and  other  persons  concerned  with  the  minor  points  of  method  and  of 
the  character  of  the  work. 

While  the  data  above  described  are  being  printed  the  computations 
of  final  results  are  carried  on  and  diagrams  prepared.  These  form  the 
substance  of  the  present  paper.  The  estimates  of  daily  discharge  are 
not  given,  being  too  bulky  even  foi  a  volume  of  this  description.  They 
may  easily  be  recomputed,  however,  from  the  figures  given  in  Water- 
Supply  and  Irrigation  Papers,  Nos.  15  and  16,  or  may  be  had  from  the 
permanent  records  of  the  division  of  hydrography.  The  results  are 
given  numerically  by  months,  the  daily  changes  being  graphically 
expressed  in  the  accompanying  diagrams.  With  these  iacts  is  given  a 
brief  description  of  the  river  or  drainage  basin,  and  there  is  also  inserted, 
wherever  obtainable,  additional  information  bearing  upon  the  utiliza- 
tion of  the  water  or  the  prospect  of  its  future  employment  for  industrial 
purposes. 

METHODS. 

The  methods  in  use  have  been  previously  described  in  the  Fourteenth 
Annual  Report,  Part  II,  on  i)ages  9G  to  100,  and  in  the  Eleventh  Annual 
Report,  Part  II,  on  pages  6  to  10.  The  computations  are  based  almost 
wholly  on  measurements  of  area  of  cross  section  and  on  figures  of 
velocity  obtained  by  use  of  some  one  of  the  many  forms  of  current 
meter.    In  all  of  these  forms  of  meter  the  water,  striking  against  the 
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cups  or  vaiies  of  a  wheel,  causes  it  to  revolve  with  a  speed  which  has 
been  found  to  bear  a  definite  relation  to  the  rate  of  movement  of  the 
particular  part  of  the  stream  in  which  it  is  immersed.  This  relation  is 
ascertained  previously  for  each  instrument  by  causing  it  to  advance  at 
various  speeds  through  still  water.  It  is  assumed  that  the  pushing  of 
the  meter  through  a  body  of  water  not  in  motion  gives  a  rating  which 
can  be  applied  when  the 
meter  is  held  firmly  against 
an  advancing  current. 

Tlie  various  forms  of  me- 
ter are  shown  by  the  accom- 
panying plates  and  figures, 
several  of  these  being  repro- 
duced from  earlier  reports. 
As  most  of  these  meters  are 
on  the  market  as  commer- 
cial articles,  it  is  hardly  pro 
per  to  discuss  their  rela- 
tive merits;  but  it  is  sufli- 
cient  to  say  that  most  of  the 
hydrographers  employed 
by  the  Survey  or  acting  in 
cooperation  with  it  prefer 
the  form  shown  in  PI.  IV. 

This  preference  is  not 
necessardy  a  guaranty  of 
special  merit,  but  may  be 
dei)eiident  largely  upon  ease 
of  handling  and  of  securing 
l)rompt  repairs  or  altera- 
tions by  the  maker  when 
needed  for  particular  i)ur 
poses. 

The  purjioses  of  the  in- 
vestigation have  to  a  large 
extent  con  fined  the  measure- 
ments to  the  use  of  insti  u 
ments  of  this  description. 
It  is  not  necessary  to  limit  the  operations  to  a  designated  point,  for, 
there  being  many  times  as  many  streams  and  localities  where  results 
are  desired  as  there  are  funds  to  carry  on  the  work,  it  is  possible  to 
choose  the  places  where  the  conditions  are  most  favorable;  on  the 
other  hand,  it  is  not  practicable  to  incur  considerable  exi)ense  ta 
secure  artificially  good  conditions,  and  therefore  search  must  be  made 
for  a  spot  naturally  favorable.  The  attempt  is  made,  therefore,  to  find 
a  place  on  the;  stream  to  be  measured  where  the  bed  and  banks  are 
comi)aratively  stable  and  where  the  current  is  neither  sluggish  nor 
extremely  swift. 


Fig.  ]. — 'I'lic  IJailey  meter,  one  of  the  earlier  forms  of 
direct-reading  meters. 
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If  the  streams  were  maiuly  small — such,  for  example,  as  would  be 
sufficieDt  for  the  water  supjjly  of  a  large  city — it  might  be  practicable 
and  desirable  to  erect  a  weir  or  short  rating  flume,  but  with  the  great 
variation  in  height  of  water  and  velocity  on  most  of  the  important 
streams  of  the  country  this  is  out  of  the  question.  On  the  other  hand, 
the  various  empirical  formuhe  based  upon  experimental  data  have  not 
been  considered  practicable,  as  the  streams  vary  so  greatly,  and  the 
element  of  personal  opinion  or  judgment  as  to  the  choice  of  some  one 
or  more  constants  affects  the  results  widely.  An  illustration  of  a 
locality  where  a  weir  has  been  effectively  used  is  that  noted  on  PI.  I,  A, 
erected  in  the  Portage  gorge  of  Genesee  River  and  described  in  the 
report  of  the  State  engineer  and  surveyor  of  New  York. 

The  use  of  floats  is  often  resorted  to  in  the  miscellaneous  measure- 
ments made  during  a  general  reconnaissance  along  a  stream.  In  cases 
of  this  kind,  where  no  permanent  bench  marks  hav^e  been  established, 
and  therefore  there  is  no  means  of  determining  the  exact  height  of 
water,  the  comparatively  rough  approximation  by  means  of  floats  is 
amply  sufficient  lor  all  practical  purposes.  A  rise  or  fall  in  the  surface 
of  an  inch  or  two  causes  a  change  of  discharge  well  within  the  accu- 
racy of  float  measurements.  For  this  purpose  a  course  is  chosen  where 
the  stream  is  nearly  straight  and  is  flowing  with  a  comparatively  uni- 
form velocity,  without  sudden  rai)ids  and  stretches  of  still  water.  Here 
a  space  of  100  to  300  feet  is  laitl  oft"  as  near  as  possible  to  the  edge  of 
the  water,  and  range  i)oles  are  stuck  into  the  ground,  two  at  each  end 
of  the  measured  distance.  They  may  be  both  on  one  bank,  or  in  the 
case  of  narrow  streams  on  opposite  sides,  and  are  so  arranged  that 
in  looking  across  each  of  the  pair  the  line  of  sight  passes  as  nearly  as 
possible  at  right  angles  to  the  general  current  of  flow.  The  width  of 
the  stream  must  be  ascertained  by  direct  measurement  or  by  simple 
triangulation,  and  the  depth  by  sounding.  This  is  usually  done  at  the 
upper  end,  middle,  and  lower  end  of  the  course,  and  tbe  average  taken 
to  obtain  the  area  of  cross  section.  Floats  are  then  placed  in  the 
water  and  the  number  of  seconds  they  require  to  pass  from  the  upper 
to  the  lower  range  poles  is  noted.  For  small  streams  these  are  usually 
sticks  or  chips  which  can  be  easily  seen.  It  is  possible  for  one  man  to 
perform  the  entire  operation.  He  goes  above  the  upper  range  poles 
and  tosses  a  chip  into  the  middle  or  side  of  the  stream ;  then  going 
down  to  the  first  set  of  range  poles  he  notes  the  time  of  passage  of  the 
line  of  sight,  and  then  going  down  to  the  lower  end,  obtains  the  num- 
ber of  seconds  required  for  the  chij)  to  reach  the  second  line  of  sight. 
The  average  velocity  of  the  stream  is  usually  assumed  to  be  about 
eight-tenths  of  the  average  surface  velocity.  This  operation  is  sus- 
ceptible of  great  refinement;  for  exami)le,  by  employing  a  number  of 
men  and  by  making  submerged  floats  or  loading  short  sticks  so  that 
they  will  stand  nearly  upright,  the  lower  end  just  clearing  the  bed  of 
the  river  and  the  upper  end  appearing  above  the  surface.  This 
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involves,  however,  an  equipment  and  expenditure  of  time  whicli  is  not 
usually  possible  on  reconnaissance  measurements,  and  for  great  accu- 
racy necessitates  conditions  which  are  seldom  found  to  exist. 

In  using  current  meters,  the  first  consideration  is  that  of  getting 
to  the  water.  In  the  case  of  a  shallow  stream,  it  is  ])racticable  to 
wade  out  into  it  and  hold  the  meter  in  position.  In  cold  weather  this 
is  made  possible  by  wearing  various  forms  of  rubber  boots  or  hsher- 
man's  waders.  It  is,  however,  a  clumsy  operation  at  best,  and  can  not 
be  resorted  to  in  time  of  flood.  For  larger  streams  the  first  thought  is 
a  boat.  This  nuist  be  held  in  ])osition  by  anchoring  successively  at 
points  across  the  stream,  or,  better,  by  attachment  by  sliding  pulley  to 
a  cable  suspended  above  the  water,  as  shown  in  PI.  Ill,  B.  In  the 
case  of  measurements  made  at  intervals  of  weeks  or  months,  it  is 
usually  impossible  to  maintain  a  boat  in  good  condition,  and  in  high 
floods  a  boat  held  in  position  is  dangerous.  For  these  reasons  recourse 
is  had  as  often  as  possible  to  some  device  susi)ended  above  iind  clear  of 
the  water,  leading  to  the  development  of  the  suspended  box  or  car, 
which,  running  backward  and  forward  across  the  river  upon  a  cable,  can 
be  placed  in  any  desired  position  and  raised  or  lowered. 

At  the  selected  point  on  the  river  supports  and  anch<>rage  for  a 
cable  are  prepared  on  each  bank.  The  anchorage  usually  consists  of 
logs  or  timbers  buried  deeply  in  the  soil,  the  ends  of  the  cable  being 
securely  wrapi)ed  around  these  and  being  held  from  slipping  by  suitable 
clamps.  Between  the  anchorage  and  the  river  a  stout  piece  of  timber 
or  shears  is  erected  to  a  height  sufficient  to  hold  the  cable  above  the 
surface  of  high  water  after  allowing  for  a  moderate  amount  of  drop  at 
the  center.  Wherever  possible  a  stout  tree  is  used  for  supi)orting  one 
or  both  ends  of  the  cable,  or  solid  stumjjs  are  utilized  for  anchorage. 
At  one  end  the  cable  is  held  by  means  of  a  strong  turn-buckle,  allow- 
ing any  stretch  to  be  taken  up.  The  cables  employed  are  usually  from 
five-eighths  to  three-fourths  of  an  inch  in  diameter,  and  are  of  the  kind 
known  as  "standing,"  as  distinguished  from  the  more  flexible  wire 
ropes  used  in  hoisting.  This  cable  is  used  in  spans  up  to  oOO  feet  or 
more  in  length.  On  the  cable  are  fastened  two  ordinary  pulley  blocks, 
from  which  is  susi)cnded  a  stout  box  about  3  feet  s(|uare  or  of  larger 
dimensions,  according  to  the  individual  wishes  of  the  hydrographer 
(see  PI.  II,  A).  A  stout  half  barrel  is  sometimes  used,  or  in  some  cases 
a  long  box,  in  which  two  men  may  be  seated  comfortably,  as  shown  in 
PI.  II,  J{.  This  can  be  pulled  from  one  side  of  the  river  to  the  other 
by  reaching  uj)  and  grasping  the  cable  overhead  or  by  a  line  running 
from  th(i  i)ulleys  to  each  shore  and  passing  over  other  puller  s,  the  ends 
being  brought  back  to  the  car.  In  some  cases,  where  there  is  consider- 
able drop  in  the  center  of  the  cable,  the  <!ars  are  raised  and  lowered  by 
means  of  tackle  on  each  side  (see  PI.  V).  Sitting  in  the  car,  the  hydrog- 
rapher moves  fiom  point  to  point,  sounds  the  depth  of  the  water,  ;ind 
obtains  the  velocity  by  means  of  the  current  meter. 
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Wherever  it  happens  that  bridges  are  avaihible  these  are  employed, 
but  it  is  often  the  case  that  the  piers  of  the  bridge  obstruct  the  liow 
or  the  foundations  catch  driftwood,  resulting  in  complications  which 
render  it  impossible  to  make  accurate  measurements  either  of  depth  or 
velocity.  Wherever  a  good,  clear  span  can  be  had  it  is  usually  possi- 
ble to  make  measurements  with  considerable  accuracy  and  with  rapidity 
and  comfort  (see  PI.  Ill,  A).  Sometimes  it  is  possible  to  erect  on  small, 
shallow  streams  a  temporary  bridge  like  that  shown  in  PI.  I,  B. 

The  method  of  holding  the  meter  or  supporting  it  at  a  given  point  in 
the  stream  is  dependent  largely  on  the  facility  for  getting  near  the 
surface  of  the  water.    lu  the  case  of  wading  or  of  using  the  meter 


Fig.  2. — The  Lallie  meter,  an  improved  form  of  direct-reading  meters.    ()ii«'  h;ilf  natural  size. 

from  a  low  bridge,  the  meter  is  usually  fastened  on  the  end  of  a  pole  or 
metal  rod,  as  shown  in  Pis.  II  and  V.  When  the  bydrographer  works 
from  a  high  bridge  or  from  a  car  hung  at  some  distance  above  the  water, 
it  is  usually  necessary  to  suspend  the  meter  from  a  cord  or  rope  of  some 
kind.  When  the  water  is  not  too  swift,  the  suspending  material  con- 
sists merely  of  the  double-conducting  insulated  wire,  which  serves  at 
the  same  time  to  make  electric  connection  between  the  meter  and  the 
recording  or  sounding  devices  in  the  hands  of  the  hydrographer.  The 
ordinary  cotton-covered  incandescent-light  cord  is  used  for  this  purpose, 
it  being  found  that  the  cotton  covering  does  not  wear  so  rapidly  as 
silk  covering. 
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For  conveuience  of  computation  of  the  results  the  space  across  the 
channel  of  the  stream  is  divided  into  short  distances  of  known  length, 
usually  10  or  20  feet.  In  case  of  a  bridge  these  are  indicated  by  mak- 
ing suitable  i)ermanent  marks,  inconspicuous  if  necessary,  on  the  rail- 
ing or  tioor  beams.  Where  the  work  is  done  from  a  boat  or  suspended 
car,  it  is  customary  to  ])lace  a  tagged  wire  a  short  distance  above  the 
cable  and  parallel  with  it.  For  this  purjmse  the  ordinary  twisted 
barbed-fence  wire  has  been  found  most  desirable,  as  the  tags  cau  be 
fastened  firmly  so  that  they  can  not  slip  from  side  to  side,  and  barbed 
wire  is  less  likely  to  be  stolen  than  the  ordinary  smooth  form.  The 
dilliculty  in  putting  this  up  is  usually  more  than  compensated  by 
its  i)ermanence.  The  tags  used  consist  of  small  pieces  of  metal,  3  to  4 
inches  in  width,  usually  deeply  not(;hed  or  cut  in  such  conspicuous 
forms  as  to  give  at  a  glance  the  distance  from  the  initial  point.  This 
latter  is  usually  some  easily  identified  object  on  shore,  such  as  a  stone 
monument,  a  i)ermanent  stump,  or  a  bridge  i)ier.  Soundings  are  made 
at  each  tag,  and  at  intermediate  intervals,  if  necessary,  the  depth  being 
measured  by  a  pulley  or  by  a  small  stout  line  provided  with  a  lead 
sinker.  Velocities  may  be  observed  at  each  tag,  or  at  every  second  or 
third  in  case  of  uniform  cross  section. 

When  the  velocity  of  the  water  is  considerable,  as,  for  example,  over 
5  or  0  feet  ])er  second,  the  sounding  line  and  meter  are  apt  to  be  swept 
backward  down  the  stream.  In  such  cases  it  is  often  necessary  to  ])ro- 
vide  an  additional  stay  line.  This  consists  of  a  second  cable  or  smooth 
wire  stretched  across  the  stream  at  a  distance  of  from  50  to  100  feet 
above  the  bridge  or  cable  from  which  measurements  are  made.  A  small 
twisted  wire  clothesline  or  sash  cord  may  be  used  for  this  i)urpose. 
It  is  anchored  at  both  ends  and  supjwrted  in  a  manner  similar  to  that 
of  the  main  cable.  On  this  smooth  wire  is  a  small  i)ulley,  which  travels 
freely  from  side  to  side  of  the  river,  and  from  the  pulley  there  is  a  small 
flexible  cord  leading  diagonally  downstream.  This  may  be  attached  to 
the  end  of  the  sounding  rod,  holding  it  in  i)osition,  or  a  fine  wire  may  be 
similarly  fastened  near  the  head  of  the  meter,  so  that  when  the  instru- 
ment is  lowered  it  is  held  from  being  carried  backward  or  tilted  by  the 
force  of  the  current.  Tlie  stay  line  usually  adjusts  itself  as  the 
hydrographer  moves  from  one  side  of  the  stream  to  the  other. 

Some  of  the  meters  in  use  have  self-registering  devices,  the  dials 
being  read  before  and  after  the  instrument  is  immersed.  The  kind, 
however,  most  generally  used  by  this  Survey  is  provided  with  a  simple 
make-aiul  break  circuit  device,  this  being  connected  by  suitable  wires 
to  a  telegrai)hic  sounder  or  some;  Ibrm  of  recording  ai)paratus.  Nearly 
all  engineers  taking  up  work  of  this  kind  at  iirst  prefer  the  somewhat 
elaborate  and  cumbersome  instruments  which  record  the  readings  upon 
dials,  some  of  these  giving  tlie  time  in  seconds  as  well  as  the  number 
of  revolutions  of  the  meter  wheel.  The  more  experienced  n)en,  how- 
ever, i)refer  to  reduce  their  efjuipment  to  the  simplest  possible  form, 
and,  instead  of  reading  dials,  count  the  clicks  or  noise  made  by  the 
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miniature  sounder,  keeping  the  time  by  watching  the  second  hand  of  an 
ordinary  watch  while  it  marks  oft"  fifty  seconds.  Many  forms  of  stop 
watch  have  been  tried,  but  these  are  so  liable  to  injury  or  to  get  out  of 
order  and  repairs  are  so  costly,  that,  as  a  rule,  their  use  is  soon  aban- 
doned in  favor  of  the  watch  ordinarily  carried.  The  form  of  sounder 
usually  preferred  is  made  up  of  a  small  hard-rubber  battery  cell  with 
zinc  pole  passing  through  the  rubber  stopper.  This  cell  is  about  If 
inches  wide,  1^  inches  thick,  and  2  inches  high.  It  is  charged  each 
time  by  inserting  from  2^  to  3  grams  (or  38  to  46  grains)  of  mercuric 
bisulphate,  the  cell  then  being  filled  with  water.  After  using  it  may 
be  washed  out.  This  cell  is  placed  in  a  small  sole  leather  case,  having 
on  the  outside  a  very  small  electro-magnet  with  armature  set  upon  a 
spring,  this  device  being  protected  by  a  metal  cover  about  li  inches 
in  diameter.  The  whole  instrument  weighs  only  a  few  ounces,  and  when 
attached  to  the  end  of  the  double-conducting  electric  cord  does  not 
add  appreciably  to  the  weight.  The  instrument  being  so  small  and 
stout,  it  is  possible  for  the  hydrographer,  when  working  from  bridges, 


Fig.  3. — Haskell  electric  current  meter,  large  form. 


to  toss  the  end  of  the  wire  around  beams  or  braces,  and  thus  to  swing 
his  meter  along  around  piers  and  projections  without  the  necessity  of 
disconnecting  the  wires. 

On  PI.  lY  are  shown  two  of  the  electric  meters  in  common  use  by 
this  Survey  in  its  river  measurements.  The  upper  one  is  the  ordinary 
Price  electric  meter,  made  by  W.  &  L.  E.  Gurley,  Troy,  New  York, 
and  the  lower  a  smaller  modification  of  the  same  instrument,  made 
especially  to  fill  the  needs  of  this  Survey.  With  each  of  these  instru- 
ments is  shown  a  coil  of  common  cotton-covered  double  incandescent 
electric  light  wire,  which  serves  to  support  the  instrument  and  to  con- 
duct the  electric  current.  In  each  case  the  cord  terminates  at  the 
battery  and  buzzer  in  the  upper  j)ortion  of  the  picture,  this  being- 
shown  complete  and  closed  for  use.  On  the  low  er  half  of  the  plate  the 
leather  battery  box  is  shown  open,  with  the  cell  removed,  and  slightly 
to  the  left  and  above  this  the  zinc  pole. 

On  the  lower  left-hand  side  is  shown  a  device  for  taking  water  sam- 
ples, consisting  of  a  clutch  holding  a  wide  mouthed  glass  bottle.  This 
is  so  arranged  that  the  device  can  be  screwed  to  the  end  of  ordinary 
gas  i)ipe  and  lowered  into  the  stream  to  the  desired  depth.   The  stop- 
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per  of  the  bottle  is  then  drawn  by  pulling  a  cord  which  runs  through 
the  pipe;  the  bottle  being  filled  iminediatel3%  the  stopper  is  forced  back 
into  position  by  the  spring  shown  above  the  stopper.  On  being  with- 
drawn from  the  water  the  bottle,  with  the  stopper  in  it,  may  be  quickly 
removed  from  the  clutch  by  loosening  the  set  screws,  and  another 
empty  bottle,  sterilized  if  necessary,  may  be  immediately  inserted. 
Other  meters  in  use  are  illustrated  by  figs.  3  and  4. 

The  results  of  stream  measurements  are  stated  in  cubic  feet  per  sec- 
ond, or  second-feet,  as  the  term  is  abbreviated;  therefore  the  linear 
measurements  arc  made  in  feet,  and  the  results  of  the  use  of  the  current 
meter,  primarily  in  revolutions  i)er  second;  are  converted  by  the  rating 
table  prepared  for  each  instrument  into  velocity  in  feet  per  second.  If 
the  tags  at  the  river  station  are  10  feet  apart,  the  average  depth  as 


Fig.  4. — Haskell  electric  current  meter,  small  form.    One-fourth  natural  size. 


obtained  by  sounding  is  multiplied  by  10  feet,  giving  the  area  in  square 
feet  of  this  portion  of  the  section,  and  this  in  turn  is  multiplied  by  the 
average  velocity  as  ascertained  by  use  of  the  current  meter.  The  total 
of  the  fra(!tional  discharges  thus  obtained  is  taken  as  the  total  dis- 
charge, and  tliis  hitter  divided  by  the  total  of  the  fractional  areas  gives 
the  mean  velocity  in  feet  per  second.  In  comi)uting  the  discharge  for 
the  end  or  shore  portions  of  the  cross  section  of  a  stream,  special 
attention  nnist  be  paid  to  sluggish  or  back  water  and  due  allowance 
made  for  the  shape  of  the  banks. 

The  result  of  any  one  discharge  measurement  gives  simply  the 
(jiiantityof  water  i)assing  at  tliat  time  and  place.  In  order  to  estimate 
the  amount  passing  day  by  day  it  is  necessary  either  to  make  daily 
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measureineuts  or  to  compute  what  these  should  be  by  assumptions 
based  on  the  height  of  the  water.  In  the  case  of  the  ordinary  unnavi- 
gable  stream,  where  the  banks  and  bed  are  not  being  rapidly  eroded 
and  sediment  is  not  being  deposited,  it  is  safe  to  assume  that  for  a 
given  height  of  water  the  discharge  is  fairly  constant,  although,  as 
a  matter  of  fact,  when  the  river  is  rising  there  may  be  more  water 
passing  downstream  at  a  given  arbitrary  height  than  when  falling. 
This  difl'erence,  however,  is  usually  negligible.  If,  therefore,  the  quan- 
tity of  flowing  water  can  be  ascertained  for  each  small  interval  of  rise 
of  the  stream,  it  is  practicable  to  construct  a  table  showing  for  any 
given  height  the  amouni  flowing.  This  is  what  is  actually  done  in  the 
case  of  each  regular  station,  and,  in  addition,  the  height  of  water  day 
by  day  or  morning  and  evening  is  recorded,  the  estimated  quantity 
in  the  river  being  taken  from  the  table  and  set  opposite  the  corre- 
sponding figures  for  height. 

At  some  favorable  point  near  or  a  short  distance  above  or  below  the 
place  where  the  measurements  are  made,  a  gage  is  erected  and  readings 
are  taken  at  regular  intervals.  Where  an  observer  can  be  found  whose 
occupation  or  duties  are  such  that  he  can  readily  examine  the  gage,  it 
is  customary  to  have  these  readings  made  twice  a  day;  if  there  are  no 
houses  in  the  vicinity  and  a  trip  of  a  mile  or  more  must  be  made  for 
each  reading,  this  ma}^  be  made  once  a  day,  or  even  in  some  cases 
only  every  other  day,  except  during  times  of  flood  or  rapid  change. 
The  readings  on  the  gage  are  noted  in  a  small  book  and  are  copied 
upon  the  postal  cards  sent  to  the  field  men  or  the  local  office  at  the 
end  of  each  week. 

The  gage  may  consist  of  a  simple  vertical  scale  divided  conspicu- 
ously into  feet  and  tenths  and  nailed  to  a  pier  or  post  in  the  water;  or 
it  may  be  an  inclined  stick  of  timber  following  the  general  slope  of  the 
bank  and  marked  by  means  of  a  level  to  equivalent  vertical  feet  and 
tenths.  This  latter  form,  while  more  expensive  and  difficult  to  install 
firmly,  has  the  advantage  that  the  readings  are  always  at  the  edge  of 
the  water  and  are  easily  made.  When  measurements  are  made  from  a 
bridge,  in  i)lace  of  the  vertical  scale,  or  in  addition  to  it  if  it  can  not 
be  easily  seen,  there  is  sometimes  put  in  position  a  long  flexible  wire 
with  a  weight  at  the  lower  end.  For  the  wire,  galvanized  sash  cord  is 
employed.  This  passes  over  a  pulley  and  is  allowed  to  run  out  until 
the  weight  just  touches  the  surface  of  the  water.  The  cord  above  the 
pulley  extends  horizontally,  and  the  handle  at  the  end  is  so  arranged 
that  it  can  be  j^laced  against  a  horizontal  scale  located  so  as  to  give 
the  same  reading  as  the  gage  on  the  pier.  As  soon  as  the  weight 
touches  the  water  the  reading  is  made.  The  wire  is  then  pulled  back 
horizontally,  hoisting  the  weight  up  against  the  bottom  of  the  bridge, 
the  handle  being  usually  locked  to  some  brace  so  that  the  device  can 
not  be  disturbed,  the  wire  being  usually  out  of  sight  or  difficult  of 
access. 
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As  all  gages  are  liable  to  change,  injury,  or  even  destruction,  during 
times  of  high  Hood,  it  it  essential  that  some  permanent  mark  or  marks 
be  placed  on  the  ground  and  connected  by  careful  lines  of  level,  so 
that  the  gage  may  be  tested  or  restored.  In  the  case  of  inclined  gages, 
frost  is  liable  to  alter  the  relation  of  the  readings,  and  the  wire  gages 
may  stretch.  The  bench  marks  used  may  be  any  solid  objects  easily 
found,  as,  for  example,  a  mark  on  the  stone  foundation  of  a  building  or 
bridge  pier,  a  spot  smoothed  off  on  a  rock,  or  even  a  uotch  cut  in  a  solid 
stamp  or  log.  From  season  to  season  it  is  desirable  by  means  of  a 
Wye  level  to  verify  the  measurements  previously  made. 

Tlie  relation  between  tlie  (pumtity  of  water  tiowing  in  a  stream  and 
its  height  from  some  arbitrary  gage  being  once  established,  it  has 
been  found  that  this  remains  fairly  constant  through  a  number  of 
seasons.  Measurements  are  made,  however,  at  short  intervals  to  verify 
this  fact  or  to  modify  the  rating  table  in  case  of  slow  progressive 
changes.  After  an  unusual  Hood  it  is  not  uncommon  for  the  conditions 
to  be  so  greatly  changed  that  a  new  rating  table  is  necessary.  During 
the  period  for  which  the  rating  table  is  constructed  its  values  are 
applied  to  the  record  of  height,  giving  a  statement  of  the  daily  dis- 
charge. These  figures  of  daily  flow  are  not  i)ublished  in  the  following 
report,  but  in  their  place  are  given  the  maximum  and  minimum  for 
each  mouth  and  the  average,  this  being  stated  in  cubic  feet  per  second. 
The  total  for  the  month  is  also  given  in  acre-feet,  that  is,  in  quanti- 
ties ecpiivalent  to  the  given  number  of  acres  1  foot  in  depth,  1  acre- 
foot  being  equivalent  to  43,500  cubic  feet.  This  total  monthly  flow  is 
also  expressed  in  terms  of  the  area  drained,  that  is,  in  depth  in  inches, 
assuming  that  the  water  came  from  all  parts  of  the  catchment  basin, 
and  in  cubic  feet  per  second  i)er  square  mile  of  tril)utary  territory. 
The  daily  fluctuations  are  also  shown  in  diiigrams,  since  these  give  at 
a  glance  and  iu  the  most  concise  manner  the  character  of  the  stream. 

RATING  THE  METERS. 

The  relation  between  the  revolutions  of  each  meter  and  the  speed  of 
the  water  is  a  matter  which,  as  before  stated,  must  be  determined  for 
each  instrument  and  tested  at  short  intervals  while  in  use.  In  order 
to  run  tlie  meter  at  uniform  velocities  through  still  w'ater,  it  is  neces- 
sary that  the  instrument  be  supported  on  some  sliding  object.  Sev- 
eral devices  have  been  adopted,  two  of  which  are  illustrated  in  the 
accompanying  plate  (PI.  VI).  In  the  view  marked  A  is  shown  the 
apparatus  for  rating  nveters  at  Chevy  Chase,  Maryland.  This  (consists 
of  the  platform,  about  UOO  feet  in  length,  built  along  the  edge  of  a  small 
deep  i)on(l  whose  waters  are  i)ractically  stagnant.  On  the  outer  edge  of 
this  platform  are  small  iron  rails,  on  which  is  placed  an  ordinary  mine 
car  or  truck,  with  outrigger  such  that  the  meter  can  be  held  vertically 
over  the  w^ater  and  immersed  to  the  desired  depth.  On  the  platform 
a  measured,  course  of  100  feet  is  laid  off  and  the  car  is  pushed  by  hand, 
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care  being  taken  to  pass  over  every  10  or  20  feet  in  a  uniform  number 
of  seconds,  so  that  the  same  velocity  may  be  maintained  from  start  to 
finish.  In  the  view  a  meter  is  shown  suspended  from  the  car  on  the 
right-hand  side,  and  another  meter  in  the  background  against  the  door 
of  the  house  in  which  the  car  and  smaller  tools  are  stored. 

In  the  view  B  is  shown  the  apparatus  used  at  Los  Angeles,  Cali- 
fornia. This  consists  of  a  cement  lined  trough  along  the  edge  of  the 
reservoir.    Above  this  is  stretched  an  iron  cable,  suitably  supported, 
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Fig.  5.— Results  of  rating  meters  when  inclined  at  various  angles. 

and  on  the  latter  is  a  trolley  with  two  wheels,  by  means  of  which  the 
meter  is  supported  beneath  the  surface  of  the  water. 

By  means  of  such  a  device  the  meter  is  propelled  through  the  water 
over  a  measured  course,  usually  of  100  feet,  for  20  or  more  times  in 
succession,  the  speed  varying  from  less  than  one-half  foot  per  sec- 
ond up  to  0  or  S  feet  per  second,  or  even  more,  the  number  of  revolu- 
tions per  hundred  feet  and  the  number  of  seconds  being  noted.  There 
is  thus  obtained  the  feet  jjer  second  and  the  revolutions  per  second  at 
difterent  speeds.    When  these  data  are  plotted  upon  cross-section 
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paper,  it  is  found  that  for  higher  velocities  the  points  lie  in  nearly  a 
straight  line,  but  for  lower  velocities  there  is  a  tend^ency  for  the 
revolutions  per  second  to  decrease,  owing  to  the  slight  friction  in  the 
instrument.  A  broken  or  somewhat  curved  line  is  therefore  sketched 
for  the  lower  velocities,  and  from  this  curve  values  are  taken  to  make 
the  arbitrary  table  of  the  relation  between  revolutions  of  the  meter 
per  second  and  speed  of  the  water.  This  table  is  found  to  be  fairly 
constant  until  the  meter  becomes  injured  or  the  friction  notably 
increases  by  the  wearing  away  of  the  more  delicate  points  of  the 
bearings. 

INCLINATION  OF  THE  METER. 

In  using  curreTit  meters,  especially  those  suspended  from  a  cord  or 
line,  it  is  frecjuently  the  case  that  in  swift  water  the  instruments  are 
swept  backward  and  tipped  at  an  angle  from  the  horizontal,  either 
momentarily  or  for  a  considerable  interval  of  time.  In  order  to  obtain 
dataconceruing  the  reliability  of  results  under  such  conditions,  a  series 
of  tests  were  made  at  the  rating  station  at  Chevy  Chase,  Maryland. 
A  snuill  Price  current  meter  was  used,  held  rigidly  at  various  angles 
as  measured  from  a  horizontal  line.  The  results  are  shown  in  the 
accompanying  table,  and  grapliically  on  the  diagram,  fig.  5. 

In  the  first  case,  at  zero,  the  meter  was  held  firmly  parallel  to  the 
surface  of  tlie  water  and  caused  to  move  through  the  water  at  uniform 
rate,  the  S})eed  per  second  and  revolutions  per  second  being  ascer- 
tained as  in  the  ordimiry  operation  of  rating  the  instrument.  Vari- 
ous velocities  were  used  and  figures  obtained  from  which  a  rating 
table  was  constructed  graphically.  The  meter  was  then  inclined  at  an 
angle  of  5  degrees  and  the  operations  repeated,  obtaining  a  complete 
rating  table  for  the  meter  when  inclined  for  this  angle.  The  same 
series  of  observations  were  made  at  inclinations  of  15  degrees,  25 
degrees,  35  degrees,  and  45  degrees.  The  various  lines  showing  the 
relation  between  velocity  per  second  and  revolutions  i)er  second  are 
shown  on  the  accompanying  figure  (fig.  5),  each  being  marked  with  the 
corresponding  angle.  On  examination  of  this  it  appears  that  the  diver- 
gence of  the  rating  is  relatively  slight,  even  when  the  meter  is  inclined 
at  angles  of  from  10  to  15  degrees,  but  increases  with  considerable  rapid- 
ity tor  higher  angles  of  in(;lination.  The  rating  tables  derived  from 
these  lines  are  shown  below  in  condensed  form.  At  a  velocjity,  say,  of 
4  feet  per  second  the  revolutions  ])er  second  at  zero  and  at  5  degrees  are 
the  same,  1.76;  at  15  degrees  are  slightly  less,  1.74;  at  25  degrees  are 
notably  less,  1.G2,  decreasing  still  more  for  35  degrees  and  45  degrees. 
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Rating  observations  with  meter  inclined  at  different  angles,  at  Chevy  Chase,  Maryland, 

June  SO,  1S98. 


45°. 


Revolu- 
tions per 
second. 


0.  35 
.69 
1.03 
1.37 
1.70 
2. 04 
2.  37 
2.71 
3.05 
3. 39 
3. 73 
4.07 


At  an  angle  of  5  degrees,  with  a  velocity  below  4  feet  per  second,  the 
meter  apparently  revolves  a  trifle  faster  than  when  horizontal.  In 
other  words,  at  moderate  speeds  and  at  low  inclination  this  form  of  cur- 
rent meter  may  indicate  a  slightly  higher  velocity  than  actually  exists. 
At  high  speeds,  however,  and  a  high  inclinatio!i  the  reverse  is  the  case, 
as  the  meter  turns  somewhat  more  slowly  than  when  held  perfectly 
parallel  to  the  current.  When  depressed  beyond  25  degrees  the  resist- 
ance to  the  current  approaches  that  offered  by  the  tail  and  the  meter 
swings  about  in  a  j)osition  nearly  at  right  angles  to  the  current,  causing 
the  head  to  approach  the  normal  or  zero  angle. 

ORDINARY  FLOW  OF  A  STREAM, 

The  question  is  frequently  asked:  What  is  the  ordinary  or  usual  flow 
of  a  given  stream?  This  question,  at  first  sight  simple,  is,  upon  far- 
ther consideration,  found  to  be  susceptible  of  a  variety  of  answers.  By 
examining  any  of  the  numerous  diagrams  of  daily  discharge  i)ublished 
in  this  and  preceding  volumes  it  will  be  seen  that  the  fluctuations 
from  day  to  day  and  from  year  to  year  are  so  great  that  the  stream  can 
scarcely  be  said  to  flow  with  regularity  for  any  considerable  period. 
An  exception  to  this  may  occur  during  the  summer  droughts,  when  the 
river  gradually  shrinks  or  maintains  its  flow  through  deep-fed  springs 
or  seepage.  For  this  season  there  may  be  said  to  be  an  ordinary  flow, 
but  this  amount  is  not  applicable  to  the  whole  year. 

In  the  computations  of  discharge  the  average  flow  has  been  esti- 
mated by  months,  and  from  this  by  years;  but  this  average  does  not 
liilflll  the  conception  of  ordinary  or  usual  flow,  since  it  is  notably 


Velocity 
(feet  ■ 
per  second). 


1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 


0°. 


Revolu- 
tions per 
second. 


0.42 
.86 
1.31 
1. 76 
2.21 
2. 6r. 
3. 09 
3. 54 
3.98 
4.43 
4. 87 
5. 32 


5°. 


Revolu- 
tions per 
second. 


0.  43 
.87 
1.31 
1. 76 
2.  20 
2.64 
3. 08 
3. 52 
3. 96 
4.40 
4.84 
5.  27 


15°. 


Revolu- 
tions per 
second. 


0.43 
.87 
1.30 
1.74 
2.17 
2.61 
3.04 
3.48 
3. 91 
4.  35 
4.78 
5.22 


25°. 


Revolu- 
tions per 
second. 


0.  39 
.80 
1.21 
1.62 
2.03 
2.44 
2.85 
3.  26 
3. 67 
4.08 
4.49 
4.90 


35°. 


Revolu- 
tions per 
second. 


0.39 
.77 
1.15 
1.52 
1.90 
2. 28 
2.65 
3.03 
3. 41 

3.  78 

4.  16 
4.53 
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increased  by  floods.  An  arbitrary  definition  has  been  suggested  in 
Eankine's  Civil  Engineering.'  According  to  the  rule  there  given  the 
discharges,  as  observed  dailj',  are  arranged  in  the  order  of  their  magni- 
tude, without  regard  to  dates.  For  a  lull  year  there  would  thus  be  305 
figures,  arranged  in  order  from  the  smallest  to  the  largest.  The  list 
thus  arranged  is  divided  into  an  upper  quarter,  a  middle  half,  and  a 
lower  quarter;  or,  in  other  words,  the  first  91  figures  are  taken  out 
to  represent  low-water  conditions  and  the  last  91  to  represent  flood 
conditions.  The  average  of  the  middle  half  is  taken,  and  is  used  in 
place  of  each  of  the  91  high,  or  flood,  values.  The  mean  of  the  whole 
list  is  thus  taken  as  the  ordinary  or  average  discharge,  exclusive  of 
flood  waters.  It  is  claimed  that  the  ordinary  discharge,  as  computed 
in  this  manner  for  a  number  of  streams  in  hilly  districts,  has  ranged 
from  one-third  to  one-fourtli  of  the  mean  discharge,  including  floods. 

In  order  to  exhibit  the  results  of  this  method  of  treatment  of  the 
figures  of  a  given  discharge,  a  diagram,  fig.  29,  page  124,  has  been  pre- 
pared. This  should  be  compared  with  the  diagram  of  discharge 
arranged  in  secjuence  of  dates  and  given  in  fig.  28,  on  page  123.  To 
prepare  this  figure,  the  table  of  daily  discharges  has  been  examined. 
From  this  it  appears  that  for  11  days  in  1897  there  was  a  flow  of  less 
than  4,500  cubic  feet  per  second;  for  11  days  additional  the  discharge 
was  between  this  amount  and  4,800  second-feet;  for  10  days  additional 
the  discharge  was  between  this  latter  amount  and  5,400  second-feet, 
and  so  on,  there  being  near  the  end  of  the  list  2  days  during  which  the 
discharge  was  48,(500  second -feet,  and,  finally,  4  days  in  which  the 
flow  was  nearly  50,000  second-feet.  I'lotting  these  quantities,  there  is 
oi»tained  a  somewhat  irregular  curve,  having  on  the  left-hand  side  the 
duration  and  length  of  the  low- water  flow,  the  line  indicating  this  grad- 
ually rising  to  exhibit  the  extent  of  the  floods.  Vertical  lines  have 
been  drawn  at  the  91st  day  and  at  the  274th  day,  the  middle  half,  or 
183  days,  being  included  between  these.  The  horizontal  line  drawn 
between  these  vertical  lines  indicates  the  average  discharge  for  the 
183  days,  this  average  being  22,889  second-feet.  Tiie  horizontal  line 
beneath  this,  toward  the  right,  indicates  the  ordinary  flow  as  obtained 
by  the  rule  mentioned  above,  in  which  the  average,  22,889,  has  been 
substituted  for  the  days  during  the  last  or  flood  quarter  of  the  year. 
This  ordinary  flow  is  18,894  second  feet.  In  comparison  with  this  is  to 
be  noted  the  average  flow  for  the  whole  year,  32,132  second-feet,  as 
given  on  page  127,  tliis  being  indicated  by  the  upper  horizontal  line. 
In  the  case  of  streams  rapidly  fluctuating  in  quantity  a  diagram  of 
this  character  is  of  advantage  in  showing  at  a  glance  the  numl)er  of 
days  of  drought  or  high  water,  but  for  most  purposes  it  is  considered 
that  the  diagram  showing  the  fluctuations  as  they  occur  has  greater 
value. 

'  Manual  of  Civil  Engiueerinp,  by  William  John  Macquorn  Kankine,  Locdon,  1885,  p.  698. 
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Thanks  are  due  to  a  number  ol"  individuals  and  corporations,  both 
private  and  public,  for  assistance  rendered  in  bringing-  together  the 
data  given  in  this  report.  This  material  is  of  such  composite  character 
that  it  is  impossible  to  assign  due  credit  for  each  item.  In  particular, 
however,  it  should  be  jmiiited  out  that  the  first  portion  of  the  report, 
that  having  to  do  with  the  water-power  streams  of  Maine,  has  been 
prepared  by  Prof.  Dwight  Porter,  of  the  Massachusetts  Institute  of 
Technology,  Boston,  Massachusetts;  and  the  last  part,  that  relating  to 
the  San  Bernardino  Valley,  by  Mr.  J.  B.  Lijjpincott,  of  Los  Angeles, 
California.  The  principal  parts  of  the  text  of  the  intermediate  portion 
have  been  brought  together  by  Mr.  Cyrus  C.  Babb,  while  the  data  have 
been  compiled  from  material  sent  in  by  resident  hydrographers  and 
others,  the  work  in  the  office  having  been  performed  by  various  assist- 
ants. In  particular,  mention  should  be  made  of  the  services  of  Mr. 
Gerard  H.  Matthes,  hydrographic  aid,  in  computations,  of  Mrs.  Jennie 
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in  preparing  manuscript. 

The  field  work  has  in  general  been  under  the  immediate  supervision 
of  skilled  engineers,  some  of  whom  are  connected  with  educational 
institutions,  and  others  in  private  practice.  A  list  of  these  hydrog- 
raphers is  as  follows: 

Arizona:  W.  A.  Farish,  civil  engineer,  Phoenix;  Albert  T.  Colton,  civil  engineer, 
Florence. 

California:  J.  B.  Lippincott,  civil  engineer,  Los  Angeles. 

Colorado:  Filniore  Cogswell,  succeeded  by  A.  L.  Fellows,  deputy  State  engineer, 
Denver. 

Georgia  and  Alabama:  Prof.  B.  M.  Hall,  civil  engineer,  Atlanta. 
Idaho:  F.  J.  Mills,  State  engineer,  Boise. 

Kansas:  W.  G.  Russell,  civil  engineer,  Russell;  Prof.  E.  C.  Murphy,  State  Univer- 
sity, Lawrence;  Prof.  O.  P.  Hood,  Agricultural  College,  Manhattan. 
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New  Mexico:  P.  E.  Harroun,  civil  engineer,  Santa  Fe. 

North  and  South  Carolina:  Prof.  J.  A.  Holmes,  State  geologist,  Chapel  Hill. 
Texas:  Prof.  Thomas  U.  Taylor,  State  University,  Austin. 
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civil  engineer,  Port  Angeles. 

Wyoming:  Clarence  T.  Johnston,  civil  engineer,  Cheyenne. 

As  in  past  years,  cooperation  has  been  had  with  various  organiza 
tions  and  railroad  companies,  as  noted  on  pages  14  and  15  of  Part  IV 
of  the  Eighteenth  Annual  Report.    In  particular  reference  should  be 
made  to  the  following: 

In  California,  Mr.  William  Hood,  chief  engineer  of  the  Southern 
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Pacific  Compauy;  Mr.  Walter  James,  chief  eu<;ineer  of  the  Kern 
County  Land  Company;  Mr.  II.  N.  Savage,  chief  engineer  of  the  San 
Diego  Land  and  Town  Compan}';  Mr.  Burt  Cole,  <;hief  engineer  of  the 
South  Antelope  Valley  Water  Company;  and  Mr.  H.  F.  Parkinson, 
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assisted  by  Mr.  Z.  O.  Smith,  of  Highlands;  Mr.  S.  Williams,  secTetary 
of  the  Pedlands  Domestic  Water  Company;  Mr.  H.  H.  Sinclair,  mana- 
ger of  the  Southern  California  Power  Comi)any;  and  Messrs.  Adolph 
Wood  and  H.  R.  Iledges,  of  the  Arrowhead  Company,  as  well  as  by 
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hydrographers,  have  been  assisted  by  transi)ortation  furnished  by  the 
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board Air  Line;  Atlanta  and  West  Point  Railroad;  Western  Railway 
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had  the  gage  at  Carters,  Georgia,  maintained  without  charge,  and  his 
executor  has  continued  the  same  arrangement.  The  gage  heights 
at  the  following  stations  have  also  been  furnished  without  charge: 
Chattanooga,  Tennessee,  by  Mr.  L.  M.  Pindell,  of  the  United  States 
Weather  Bureau;  Tuscaloosa,  Alabama,  by  Messrs.  R.  C.  McCallo, 
jr.,  and  W.  S.  Wyman,  jr.,  of  the  Corps  of  Engineers,  U.  S.  A,;  Lock 
No.  4,  Lock  No.  •>,  and  Wetumpka,  Alabama,  on  Coosa  River,  by 
Major  Malum  and  Mr.  D.  M.  Andrews,  of  the  Corps  of  Engineers, 
U.  S.  A.;  Augusta,  Georgia,  on  Savannah  River,  by  Mr.  H.  A.  David- 
son, city  engineer,  and  Mr.  C.  A.  Maxwell,  superintendent  of  Augusta 
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In  Wyoming  assistance  has  been  rendered  by  Mr.  Frank  Trumbull, 
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WATER-POWER  STREAMS  OF  MAINE. 


By  DwiGHT  Porter. 


GENERAL  STATEMENT. 

The  following  report  relates  to  St.  Croix,  Penobscot,  Kennebec, 
Androscoggin,  Presumpscot,  and  Saco  rivers,  the  principal  water- 
power  streams  in  southern  Maine.  The  relative  position  of  these 
streams  is  shown  on  the  map,  PI.  VII.  The  St.  John,  which  drains  the 
northern  portion  of  the  State,  but  which  lies  largely  in  an  inaccessible, 
si)arsely  settled  region,  and  appears  to  possess  no  water  powers  de- 
manding present  attention,  was  not  examined. 

The  object  sought  in  the  investigation  has  been  in  particular  to  obtain 
all  accessible  data  bearing  upon  the  volume  of  the  rivers  and  the  yield 
of  their  watersheds,  and  furthermore  to  supi)lement  and  bring  up  to 
date  such  information  regarding  the  fall  of  the  principal  streams,  their 
.  actual  utilization,  and  their  facilities  for  further  development  as  has 
been  presented  by  other  writers  in  previous  reports.  Two  such  reports 
have  apiieared  in  the  past:  The  Water-Power  of  Maine,  prepared  by 
Walter  Wells,  in  accordance  with  an  order  from  the  legislature  of  the 
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State,  and  i)ublishe(l  in  18G9;  and  a  report  by  Trot".  George  F.  Swain, 
lormiug  a  portion  of  the  general  reports  on  water  jjower  contained  iu 
Volumes  XVI  and  XVII  of  the  Tenth  Census  (1880)  of  the  United 
States.  Each  of  these  valuable  reports  was  very  coni])lete  in  detail, 
and  I  have  freipiently  drawn  u))on  them  lor  information  ])resente(l  in 
the  I'ollowing  pages,  where  it  seemed  advisable  to  do  so.  Kven  since  the 
later  of  them,  however,  very  great  increase  has  taken  place  in  the  use 
of  water  i)0wer  upon  the  Maine  rivers,  and  data  of  mucli  importance 
as  to  fall  and  discharge  have  been  accumulated  which  were  not  then  iu 
existence,  the  priucii)al  features  of  which  it  has  been  endeavored  to 
present  here. 

The  means  at  command  for  this  work  were  believed  not  to  warrant 
so  detailed  au  examination  of  the  rivers  as  would  suffice  for  a  complete 
description  of  the  improvements  and  the  undeveloped  falls  upou  them, 
aud  it  was  rather  in  the  nature,  therefore,  of  a  reconnaissance.  The 
principal  i)ointson  the  streams  described,  with  the  exception  of  the  St. 
Croix,  were  visited  in  August,  18I)G,  by  an  assistant,  ^Iv.  Howard  E. 
Smith,  a  recent  graduate  of  the  Massachusetts  Institute  of  Tech- 
nology, and  further  examinations  were  made  at  sundry  points  by  the 
writer  in  the  summer  of  1897.  From  notes  thus  obtained,  based  on 
direct  observation  and  on  interviews  with  manufacturers,  engineers, 
and  others,  and  from  information  obtained  by  correspondence,  these 
reports  have  been  prepared.  Some  discrimination  as  to  accuracy  should 
evidently  be  observed  between  the  various  data  here  offered.  While 
the  writer  has  sought  to  use  due  care  in  accepting  and  presenting  facts 
and  figures,  it  was  not  possible  to  obtain  all  of  equal  accuracy  or  i)re- 
cision.  Figures  regarding  flow  and  elevations  have  been  treated  with 
special  care  both  in  gathering,  analyzing,  and  discussing  them,  and  by 
much  correspondence  every  effort  has  been  made  to  fiee  them  from  all 
ambiguity.  On  the  other  hand,  statements  as  to  the  position  and  avail- 
able fall  of  undeveloped  water  i^rivileges,  and  as  to  the  power  in  use  at 
those  developed,  and  much  other  information  obtained  of  a  general  or 
descriptive  nature,  it  was  not  i)racticable  to  verify,  and  reliance  had  to 
be  placed  upon  seeking  the  facts  from  those  presumably  most  com])etent 
to  give  them.  Figures  as  to  the  horsepower  in  use  at  mills  are  pai  ticu- 
larly  incomplete  and  uncertain.  Where  gi\  en  by  the  manufacturer  or 
his  superintendent  they  probably  most  often  refer  to  the  nominal  power 
of  the  turbines  installed,  running  under  the  usual  fall  and  at  full  gate; 
but  often,  in  the  case  of  old  wheels,  even  the  nominal  horsepower  is  not 
well  known,  and  in  some  cases  there  was  a  refusal  to  state  the  i)ower 
used,  a  difficulty  for  which  theie  was  no  remedy.  Xevei  theless,  reason- 
ably api)roximate  statcnuMits  ujioii  these  matters,  if  pro])erly  used,  are 
believed  to  have  value,  and  have  been  presented. 
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DATA  OF  STREAM  DISCHARGE. 

As  might,  perhaps,  have  been  expected,  comparatively  few  records 
of  actual  stream  measurements  have  been  found,  although  no  pains 
were  spared  to  discover  them.  For  the  Penobscot  no  measurements 
could  be  learned  of,  excepting  two  isolated  ones  made  in  low  stages  in 
the  autumns  of  1(S84  and  1886  by  Prof.  George  H.  Hamlin.  On  the 
Kennebec  tolerably  complete  and  accurate  measurements  of  the  flow 
past  Waterville  have  been  recorded  since  the  beginning  of  1893;  and 
on  the  Cobbosseecontee,  a  tributary  of  the  Kennebec,  records  of  the 
monthly  flow  since  June,  1890,  were  obtained.  A  considerable  record 
of  the  flow  of  the  Androscoggin  at  lluiuford  Falls,  extending  over 
about  three  years,  from  May,  1892,  to  May,  1895,  was  also  secured. 
The  most  complete  set  of  figures  for  flow  acquired  for  any  of  the  streams 
was  for  Presumpscot  River,  at  the  outlet  of  Sebago  Lake,  the  average 
monthly  discharge  having  been  recorded  continuously  since  January, 
1887.  For  the  Saco  substantially  no  figures  as  to  actual  flow  could  be 
found. 

With  few  exceptions  the  data  for  flow  here  given  are  based  either 
upon  the  computed  discbarge  through  gates,  the  capacity  of  which 
under  varying  conditions  of  head  and  opening  has  been  independently 
determined,  as  in  the  case  of  the  outlet  of  Sebago  Lake,  or  upon  the 
computed  discharge  over  a  dam,  treated  as  a  weir,  or  upon  the  com- 
puted flow  through  the  turbines,  which,  if  proj^erly  rated,  may  serve  very 
well  as  water  meters,  or  upon  combinations  of  these  methods,  usually 
subject  to  sundry  corrections  for  one  reason  or  another.  In  no  case 
are  the  figures  for  continuous  records  of  flow  based  upon  observations 
of  height  of  water  at  a  known  cross  section  of  river  for  which,  by 
instrumental  means,  the  curve  of  discharge  has  been  determined.  In 
so  far  as  they  are  based  upon  observations  upon  well-rated  gates  or 
turbines  they  would  seem  to  be  satisfactory.  But  when  based,  as  most 
frequently  on  large  streams,  in  part  at  least  upon  the  flow  over  the 
crest  of  a  dam,  uncertainty  often  results,  partly  from  the  lack  of  knowl- 
edge as  to  the  proper  weir  coeflicieut  to  apply  in  each  i^articular  case, 
and  more  especially,  where  flashboards  are  in  use,  from  the  irregular, 
varying,  and  perhaps  unknown  condition  of  the  actual  crest  aflbrded  by 
the  flashboards,  which  may  not  only  allow  a  large  leakage  at  all  times, 
but  are  likely  in  high  water  to  be  carried  away  altogether.  Moreover, 
because  of  the  varying  draft  during  the  day  upon  the  storage  in  the 
mill  pond  at  the  point  in  question,  in  the  dry  season,  and  the  irregu- 
larities in  the  receipts  of  water  stored  at  points  farther  upstream,  it  is 
diflicult  to  choose  a  time,  for  the  single  observation  ordinarily  made, 
which  shall  closely  give  the  average  flow  for  the  working  hours  or  for 
the  twenty-four  hours.  For  all  these  reasons  the  results  of  the  ordi- 
nary measurements  are  to  be  accepted  only  as  reasonable  approxima- 
tions to  the  average  flow  which  they  seek  to  represent,  and  subject  at 
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times  to  considerable  error.  They  are,  nevertheless,  of  very  great  value, 
and  it  is  only  by  means  of  them,  in  the  absence  of  more  accurate  figures, 
that  i)laus  for  extensive  water-power  development  can  be  safely  and 
economically  matured. 

In  presenting  such  figures  for  How  as  have  been  obtained,  the  results 
are  first  given  in  complete  detail  in  average  cubic  feet  per  second,  and 
usnally  also  in  the  equivalent  values  in  inches  on  watershed  per  month 
and  in  average  cubic  feet  per  second  per  square  mile  of  watershed.  In 
succeeding  tables  the  flow  is  averaged  by  months,  and  finally,  wherever 
warranted,  the  attempt  is  made  to  deduce  the  important  and  interest- 
ing relation  between  rainfall  and  run-off.  To  derive  this  relation 
lU'operly  we  need  to  know  three  things — the  yield  of  the  streams,  con- 
cerning the  measurements  of  which  I  have  already  spoken,  the  area 
of  the  drainage  basin  above  the  point  considered,  and  the  proper 
rainfall  to  charge  against  the  basin.  The  determination  of  the  area 
of  the  drainage  basin  is  subject  to  the  inaccuracies  and  incompleteness 
of  detail  of  existing  maps  of  the  State,  which  in  the  case  of  the 
snuiller  basins  may  doubtless  often  lead  to  errors  in  result  exceeding 
10  per  cent.  In  deciding  upon  the  rainfall  to  be  assigned  to  a  given 
basin  difticulty  is  encountered  from  the  paucity  of  stations  and  incom- 
l)leteness  of  their  records.  Those  records  which  are  complete  and 
long  continued  are  mainly  for  stations  rather  near  the  coast,  and  are 
far  from  being  certainly  representative  of  the  river  basins  as  a  whole, 
stretching  far  u[)  into  the  elevated  and  mountainous  interior  of  the 
State.  The  results  obtained,  however,  are  of  sufficient  accuracy,  it  is 
believed,  to  be  of  interest  and  value. 

LAKE  STORAGE. 

Perhaps  no  single  feature  in  connection  with  the  flow  of  the  streams, 
as  affecting  their  value  for  power,  is  of  more  importance  tlian  the 
effects  brought  about,  or  possible  to  be  brought  about,  in  maintaining 
the  dry  weather  volume  by  means  of  artificially  controlled  storage 
in  the  lakes.  Maine  is  a  splendidly  Avatered  State,  and  includes  within 
the  watersheds  of  her  rivers  almost  innumerable  lakes  and  ponds,  gen- 
erally capable  of  easy  control,  and  many  of  them  constituting  nuigtiifi- 
cent  reservoirs.  The  Rangeley  chain,  covering  90  or  more  s([Mare 
miles,  at  the  head  waters  of  the  Androscoggin;  Sebago  Lake,  with  its 
50  square  miles,  sujtplying  Presumpscot  River;  Moosehead  Lake,  com- 
prising 120  square  miles,  the  largest  inland  body  of  water  in  New  I^ng- 
land,  and  forming  the  direct  source  of  Kennebec  River;  Chesuncook 
and  other  lakes  in  the  upper  basin  of  the  Penobscot;  and  the  chains 
of  lakes  feeding  the  St.  Ci'oix,  are  famous  exam[)l('s.  IJut,  in  addition, 
scattered  over  the  State,  are  great  numbers  of  smaller  lakes,  ranging 
in  surface  area  from  20  square  miles  downward  to  a  few  acres,  and 
storing  in  the  aggregate  a  vast  volume  of  water.    Wells,  in  'i'lic  Water- 


f 


38 


PROGRESS  OF  STREAM  MEASUREMENTS  FOR  1897. 


Power  of  Maine,  p.  29,  credits  the  six  basins  alone  which  form  the 
subject  of  this  report  witli  between  1,100  and  1,200  lakes  and  ponds  of 
sufifieent  size  to  have  been  represented  on  the  maps,  the  combined 
water  surface  of  these  being  nearly  1,700  square  miles,  or  between 
7  and  8  per  cent  of  the  total  drainage  area  of  the  streams,  as  follows: 

Lake  arm  tributary  to  six  principal  rirers. 


Number  of 
lakes. 



Aggregate 
water  sur- 
face. 

Drainage 
area  of 
river. 

Sg.  miles. 

Sq.  miles. 

61 

150 

1,  630 

467 

585 

8,500 

311 

450 

6,  330 

148 

313 

3,  700 

109 

84 

1,  750 

45 

97 

700 

1, 141 

1,679 

22,  610 

River. 


St.  Croix  

Penobscot  . . 

Kennebec   

Androscoggin 

Saco  

Presumpscot  . 

Total  .... 


What  is  possible  of  attainment  in  exceptionally  favorable  conditions 
through  artificial  control,  for  even  a  very  considerable  drainage  area,  is 
wen  illustrated  in  the  case  of  Sebago  Lake,  which  covers  nominally  50 
square  miles  and  drains  470  square  miles.  Comparing  the  flow  in  the 
outlet  of  this  lake  with  that  in  Penobscot  Piver,  a  stream  fed  also  by 
many  and  large  lakes,  but  which  are  to  but  little  extent  conti'olled 
with  reference  to  water-power  interests,  we  find  that  while  the  dry- 
weather  flow  of  the  Penobscot  at  Orono  sinks  in  very  low  stages  to 
about  one-third  of  a  cubic  foot  per  second  per  square  mile  of  drainage 
area,  the  average  flow  during  the  working  days  of  the  month  from 
Sebago  Lake  has  in  no  month  in  ten  years  fallen  below  seven-eighths 
of  a  cubic  foot  per  second  per  square  mile;  for  three  fourths  of  the 
entire  period  it  has  not  varied  more  than  20  per  cent  either  way  from 
an  average  of  1^  cubic  feet  per  second  per  square  mile;  and  in  an 
especially  favorable  year  the  entire  range  of  flow  has  been  not  more 
than  5  per  cent  either  way  from  the  mean  for  that  year. 

While  the  results  already  obtained  from  increasing  and  controlling  the 
storage  of  the  lakes  have  been  of  much  value  in  maintaining  the  dry- 
weather  flow  of  the  streams,  they  are  small  comj^ared  with  what  might 
be  realized  from  complete,  systematic,  and  cooperative  control.  One 
serious  ditticulty  in  the  way  of  securing  the  best  results  has  been  the 
nearly  direct  opposition  of  interests  between  lumbermen  and  manufac- 
turers as  regards  the  release  of  stored  water  from  the  lakes.  The  lakes 
fill  in  the  spring,  and  in  order  to  maintain  along  the  rivers  the  uniformity 
of  power  which  is  generally  required  the  stored  water  should  be  released 
in  gradually  increasing  amount  until  the  succeeding  winter  or  spring,  so 
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as  to  compensate  for  the  gradually  failing  yield  from  the  watershed. 
But  for  tlie  purposes  of  log  driving  it  is  required  that  the  accumulated 
water  shall  be  delivered  almost  at  once  after  it  has  been  collected, 
in  order  to  float  the  logs  down  the  streams  to  the  mills  or  booms,  and 
thus  in  one  or  twu  months  as  much  water  may  be  allowed  to  tiow  away 
as  would  suftice  to  maintain  the  lake  outlets  at  au  average  stage  for 
the  balance  of  the  year.  This  is  well  illustrated  in  a  diagram  else- 
where given  of  a  year's  tlow  from  Moosehead  Lake.  Of  course  com- 
]»lete  control  of  the  freshet  waters  is  not  generally  practicable  unless 
from  a  very  limited  watershed,  and  it  is  also  partly  in  the  interest  of 
the  paper  manufacturers  themselves  that  the  logs  are  driven  down- 
stream to  be  converted  into  pulp.  Nevertheless,  there  is  an  evident 
diversity  of  interest  as  regards  the  delivering  of  this  important  ele- 
ment of  power — the  stored  water — which  much  curtails  the  benefits 
that  might  otherwise  be  received  by  the  water  powers. 

TOPOGRAPHY  AND  FOREST  RESOURCES. 

The  territory  drained  by  the  streams  under  consideration  should  be 
classed  as  in  the  main  moderately  hilly,  the  general  elevation  rising 
northerly  from  the  coast,  and  from  east  to  west  toward  the  interior, 
becoming  greatest  as  one  api)roaches  the  White  Mountains,  toward 
the  head  waters  of  the  Saco  and  the  Androscoggin,  where  the  hills  are 
succeeded  by  mountains  and  the  slopes  become  steep  and  rocky.  Other- 
wise stated,  a  i)lateati  extends  in  a  northeasterly  direction  across  the 
State,  originating  in  the  White  Mountain  region  of  northern  New  Hamp- 
shire, and  ending  to  the  south  of  Aroostook  River  on  the  New  ]>runs- 
wick  border.  The  main  divide  gradually  sinks  in  elevation  from  1,800 
feet  above  tide  on  the  western  boundary  of  the  State  to  GOO  feet  on  the 
eastern.  From  this  plateau,  and  mainly  from  its  southern  slope,  rise 
the  principal  mountains  of  the  State,  in  isolated  or  clustered  ])eaks  and 
short  l  anges.  All  are  of  moderate  height,  the  summit  of  Mount  Katah- 
din,  the  highest,  rising  but  5,385  feet  above  sea  level.  In  this  elevated 
region  the  i>rinci|)al  rivers  have  their  sources,  often  interlocking,  and 
the  great  reservoir  systems  of  their  n])per  waters  are  found.  The 
northern  slope  of  the  plateau  is  characterized  by  a  very  gentle  and 
nnirorm  descent,  giving  to  the  streams  of  the  St.  -lohn  liasin  sluggish 
How  and  relatively  small  water  power.  The  southern  sloi)e  has  a  much 
mote  ])ronounced  descent,  esi)ecially  in  the  western  part  of  the  State, 
creating  the  chief  water  powers  of  Maine. 

Tlic  surface  material  is  of  drift  formation — gravel,  sand,  and  day — 
of  comjiaratively  shallow  depth,  with  fre(iuent  outcrops  of  granitic  and 
slaty  rocks.  Only  in  the  Aroostook  region,  in  the  northeastern  i)art 
of  the  State,  is  the  soil  of  so  fertile  a  character  as  to  lit  it  preeminently 
for  agriculture;  elsewhere  it  is  seldom  sufficiently  deep  or  rich  over 
large  areas.  Thus  the  natural  covering  of  timber,  easily  and  rapidly 
renewed  in  the  moist  climate,  seems  likely  to  furnish  permanently  the 
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most  profitable  use  of  the  laud  and  to  insure  to  it  the  endurance  of  an 
essentially  forest  cliaracter.  Forests  still  cover  largely  the  interior 
and  northern  portions  of  the  State,  and,  while  the  territory  adjacent 
to  the  coast  and  the  lower  portions  of  the  immediate  river  valleys  have 
been  cleared,  the  upper  basins  are  heavily  clothed  with  timber,  in  spite 
of  the  inroads  made  for  supplying  the  lumber  and  pulp  mills. 

Inexhaustible  as  the  supplies  of  pine  and  spruce  in  the  State  of 
Maine  have  seemed,  the  cutting  of  these  has  been  sufliciently  great  to 
arouse  well-founded  anxiety  as  to  the  future,  and  to  set  on  foot  careful 
investigations  as  to  the  condition  of  the  forests  of  the  State,  and  as  to 
the  best  means  for  nmiutaiuing  them  in  permanent  productiveness. 
Valuable  information  upon  these  questions  has  already  been  secured 
by  Mr.  Austin  Cary  and  presented  by  Mr.  Charles  E.  Oak.  forest 
commissioner  of  Maine,  in  his  annual  reports  for  1894  and  1896. 

The  original  pine  forests  of  the  State  are  iiractically  gone,  and  the 
existing  growth  is  relatively  inferior  in  quality.  Scattered  groves  of 
pine,  it  is  true,  si)ring  up  readily  upon  tracts  of  burnt  and  abandoned 
lands  throughout  the  State,  and  are  especially  numerous  in  the  south- 
west, but  the  decline  in  the  pine  lumber  industry  as  a  whole  is  perhaps 
well  enough  indicated  by  the  figures  for  the  lumber  cut  upon  the  Penob- 
scot, which  for  the  period  1851  to  1855  averaged  115,000,000  feet  -per 
year  and  for  1891  to  LS95  only  25,000,000  feet  per  yeai-. 

The  spruce  forests — the  great  and  almost  the  sole  source  of  supply 
for  the  pulp  mills — are  heaviest  and  of  finest  quality  in  the  Upijer 
Androscoggin  Basin  in  New  Hampshire  and  Maine,  decreasing  in  size 
and  quality  of  timber,  as  well  as  in  density  of  growth,  to  the  east  and 
south,  beyond  the  rugged  White  Mountain  and  Eangeley  regions 
and  toward  the  lower  and  more  fertile  borders  of  the  Maine  j)lateau. 
About  two-thirds  of  the  whole  area  of  the  State,  however,  is  classed  by 
Mr,  Cary  as  spruce  bearing  on  a  commercial  scale.  This  section  includes, 
substantially,  all  the  State  except  that  portion  lying  west  of  Penobscot 
River  and  south  of  a  line  running  up  Piscataquis  River  and  thence 
southwesterly  through  Bingham  and  Rumford  Falls  into  Kew  Hamp- 
shire. Even  in  the  country  thus  excluded  much  spruce  is  found  along 
the  coast.  Upon  the  mountains  of  the  Rangeley  region  a  pure  growth 
of  spruce  is  found,  but  elsewhere  it  is  generally  mixed  with  hard  wood. 

From  the  report  of  the  forest  commissioner  for  1896  it  appears  that 
during  the  five  years  1891  to  1895  the  annual  cut  of  spruce  on  the 
Penobscot  averaged  about  100,000,000  feet.  Mills  taking  their  logs 
from  the  Kennebec  require  annually,  as  indicated  by  the  figures  for 
1895,  about  120,000,000  feet  of  spruce,  nearly  one-third  of  this  being- 
needed  for  pulp  mills  and  the  balance  for  sawmills.  Over  90  per  cent 
of  the  whole  is  cut  within  the  Kennebec  Basin.  The  mills  on  the 
Androscoggin  consumed  nearly  200,000,000  feet  of  spruce  in  1895,  some- 
what more  than  three-fifths  being  used  at  pulp  mills  and  the  balance 
at  sawmills.    All  but  a  small  percentage  came  from  within  the  basin. 
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These  figures,  given  for  but  a  part  of  tlie  State,  are  sufficient  to  indi- 
cate the  magnitude  of  the  present  consumption  of  spruce  timber. 
While  in  the  view  of  Mr.  Gary  the  annual  production  of  spruce  in  the 
State  as  a  whole  is  perhaps  not  yet  overcut,  he  foresees  that  exhaustion 
of  the  original  stock  upon  tlie  larger  rivers  will  in  time  certainly  be 
reached.  A  wise  husbanding  and  management  of  the  newer  growth 
would,  in  his  judgment,  render  such  a  result  of  no  disadvantage;  but 
if,  as  in  the  Androscoggin  Basin,  for  example,  the  extremely  thorough 
cutting  there  practiced  and  the  present  rate  of  growth  in  the  pulp 
business  should  continue,  local  exhaustion  of  the  spruce  supply,  or  else 
a  vise  in  its  value  beyond  the  e(;onomical  limit  of  manufacture  into  p1ilp, 
is  entirely  possible. 

The  extensive  cutting  of  the  forests  of  Maine  has  doubtless  produced 
some  local  effect  upon  the  flow  of  certain  of  the  smaller  streams.  It  is 
to  be  doubted,  however,  if  this  has  yet  been  the  case  with  tlie  larger 
rivers.  A  great  proportion  of  the  State  will  probably  always  have  a 
forest  covering,  which  will  be  quickly  renewed  after  the  cutting  of 
timber,  except  where  serious  tires  destroy  the  soil.  Such  figures  as  to 
the  flow  of  the  rivers  as  are  available  cover  periods  far  too  short  to 
serve  for  drawing  any  conclusions  as  to  the  result  of  forest  cutting. 
Even  were  a  considerable  effect  produced,  the  low-stage  flow,  in  which 
it  should  be  most  perceptible,  is  so  largely  dependent  upon  artificial  con- 
ditions i)roduced  by  the  development  and  management  of  lake  storage 
that  the  influence  would  probably  be  disguised  beyond  recognition. 

PRINCIPAL  USES  OF  THE  WATER  POWER. 

The  rivers  considered  in  this  report  derive  their  intrinsic  value  for 
water  power  not  only  from  their  large  and  relatively  well-sustained 
flow  and  from  the  storage  facilities  existing,  as  already  explained,  but 
also  from  their  large  and  rapid  descent  and  its  frequent  concentration 
in  aV)rui>t  falls  and  pitches  over  beds  of  unyielding  granite.  A  con- 
spi(;uous  example  of  this  is  seen  at  liumford  I'alls,  where  the  Andros- 
coggin descends  about  175  feet  in  a  mile,  creating  a  i)ower  with  few 
equals  in  magnitude  within  the  United  States. 

The  actual  utilization  of  power  on  these  rivers  is  mainly  for  the 
manufacture  of  wood  pulp,  ])aper,  and  lumber,  with  a  large  amount  of 
power  also  devoted  to  cotton  maiiulacturing  at  T.ewiston  nndatsome 
other  points  near  tide  wat(!r  on  the  Androscoggin,  Kennebec,  Saco,  and 
St.  Croix  rivers.  A  considerable  power  m  the  aggregate  is  converted 
into  electricity  and  used  for  lighting,  for  openiting  street  railways,  and 
occasionally,  as  at  Cumberland  Mills  on  the  Presumpscot,  and  at  Ifiim- 
ford  Falls  on  the  Androscoggin,  for  manufacturing  ])urposes.  The 
development  of  the  manufacture  of  wood  pulp  and  pajier  by  water 
])Ower  upon  these  streams  has  been  most  remarkable,  especially  upon 
the  Androscoggin,  where  nearly  50,000  horsej)ower  is  now  utilized  in 
this  way.    The  generation  of  electricity  for  city  lighting  from  water 
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power  frequently  results  in  the  employment  of  what  would  otherwise 
be  waste  power,  since  electricity  is  required  mainly  at  night — a  time 
when  for  most  manufactures  the  power  of  the  streams  is  not  needed 
and  commonly  goes  to  waste.  An  illustration  of  this  is  seen  at 
Brunswick,  on  the  Androscoggin,  where  the  Cabot  Manufacturing 
Company  uses  1,700  horsepower  by  day  in  its  extensive  cotton  mills, 
but  leases  1,000  horsepower  at  night  for  electric  lighting.  Statistics 
of  the  total  power  in  use  on  the  six  main  rivers  here  treated,  taking 
no  account  of  that  in  use  on  their  tributaries,  are  known  only  api)rox- 
imately,  either  for  the  present  time  or  for  that  of  the  census  of  1880, 
when  such  figures  were  last  presented.  Such  results  as  are  at  com- 
mand, however,  indicate  an  increase  for  the  intervening  period  of  at 
least  200  per  cent — from  about  35,000  to  above  100,000  horsepower. 
The  main  facts  as  to  fall  and  utilized  power  are  briefly  set  forth  in  the 
following  table: 

Power  statistics  of  Maine  rirers. 


River. 

Section. 

limits  of 
drainage  area. 

JLJV71I  fi^  I'll 

of  sec- 
tion. 

Ap- 
proxi' 
mate 
fall  in 
section. 

Approxi- 
mate fall 
embraced 
in  exist- 
ing water- 
power 
improve- 
ments. 

Approximate 
power  of  tur- 
bines installed, 
August,  1897. 

Square  miles. 

Miles. 

Feet. 

Feet. 

Horsepoirer. 

St.  Croix.... 

Foot  of  Schoodic 

420-1,  530 

55 

383 

70 

2,  500-8,  000 

Lake    to  tide 

water  at  Calais. 

Penobscot . . . 

Foot  of  Chesun- 

1,  440-1,  640 

18 

400 

None. 

None. 

cook   Lake  to 

head  of  Pame- 

decook  Lake. 

Do  

Foot    of  Twin 

1,  990-4,  «10 

29 

288 

None. 

None. 

Lakes  to  below 

nionrb  of  Mat- 

t  a  w  a  Ml  k  e  a  g 

River. 

Do 

Month  of  Matta- 

4,  810-7,  910 

60 

177 

78 

11,  .")00 

wamkeag  River 

to  tide  water  at 

Bangor. 

Kennebec  . . . 

Moosehead  Lake 

1, 250-2,  900 

56 

720 

None. 

None. 

to  head  of  Car- 

ritunk  Falls. 

Do  . 

Head    of  Carri- 

2,  900-5,  770 

60 

314 

142 

24, 000 

tunk   Falls  to 

tide   water  at 

Augusta. 
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River. 

Sectiou. 

—   

Corresponding 

limits  of 
drainage  area. 

T  *1 

Length 
of  sec- 
tion. 

Ap- 
proxi- 
mate 
fall  iu 
section. 

Approxi- 
mate fall 
embraced 
in  exist- 
ing water- 
power 
improve- 
ments. 

Ajjproxiinato 
power  of  tur- 
bines installed, 
August,  1897. 

Square  miles. 

Miles. 

Feet. 

Feet. 

Horsepower. 

Androscoggiu 

Umbagog  Lake  to 

1, 180-1,480 

31 

208 

None. 

None. 

head  of  Berlin 

Falls. 

Do  

Head  of  Berlin 

1, 480-2, 220 

52 

628 

a  327 

Fulls  to  foot  of 

/mO,  000 

Runiford  Falls. 

Do  . 

Foot  of  Rumford 

2,  220-3,  700 

75 

420 

6201 

Falls  to  tide 

water  at  Bruns- 

wick. 

Presunipscot 

Sebago   Lake  to 

470-700 

22 

265 

110 

6,000 

tide  water. 

Saco  

Head  of  G  r  c  a  t 

856-1, 734 

41 

343 

cl30 

5, 500-6,  000 

Falls  to  tide 

water  at  Bidde- 

ford  and  Saeo. 

o  Including  entire  fall  of  177  feet  at  Rumford  Falls,  only  a  portion  of  which  is  actually  used. 
^Including  the  18  feet  of  fall  and  6,000  horsepower  being  developed  at  Petersons  Rips, 
c  Ini  hiding  3.3  feet  at  dani.s  used  only  for  .storage  purposes. 


Were  it  possible,  it  would  he  of  f^reat  interest  to  state  also  the  total 
hor.sepower  further  available  on  the  different  rivers.  To  compute  this 
with  suitable  accuracy  would  require,  however,  more  complete  knowl- 
edfje  than  is  now  at  command,  both  of  the  volume  of  flow  at  ditlerent 
points  on  the  streams  and  of  the  amount  of  fall  which  it  would  be 
practicable  to  develop.  From  such  figures  for  flow  as  are  given  for 
some  of  the  streams,  in  coiincctioii  with  the  tributary  drainage  area, 
anyone  may  estimate  tlie  i)ower  to  be  realized  at  a  given  stage  and  for 
a  given  fall  iu  an  adjacent  sectiou  of  the  stream;  and  it  is  to  be  hoped 
that,  as  time  goes  on,  the  data  upon  which  to  base  such  estimates  will 
be  greatly  extended. 

ST.  CROIX  RIVER. 

St.  Croix  Kiver,  which,  if  traced  to  its  head  waters,  forms  nearly  one- 
half  the  eastern  boundary  of  Maine,  separating  that  State  from  New 
Brunswick,  is  in  one  important  feature  pertaining  to  water  power — its 
lake  system — foremost  among  the  larger  rivers  of  Maine.  Its  total 
drainage  area,  shown  in  fig.  0,  is  about  1,().'jO  square  miles;  but  of  this, 
9G0  .5(|uare  miles,  or  GO  per  ceut,  is  tributary  to  the  great  reservoir 
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systems  controlled  by  dams  at  Yanceboro  and  Princeton,  on  the  East 
and  West  branches,  respectively.  These  systems  comprise  approxi- 
mately 55  square  miles  of  lake  surface  above  the  Yanceboro  dam,  and 


■  Monument 


Fig.  6.— Drainage  basin  of  St.  Croix  River. 


70  square  miles  above  that  at  Princeton,  considering  only  the  principal 
lakes  and  ponds;  indeed,  above  the  i)oiuts  mentioned  each  branch  of 
the  main  river  is  simply  a  succession  of  lakes  almost  to  the  extreme 
head  waters.    Wells  estimated  the  total  lake  surface  of  the  St.  Croix 
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at  not  less  than  150  square  miles,  or  nearly  one-tenth  of  the  whole 
drainage  area.  The  topography  of  the  basin  is  favorable  to  the  easy 
development  of  extensive  artificial  storage,  the  surface  being  to  a  large 
degree  low  and  Hat,  as  indicated  by  the  Indian  name  "  Sclioodic,"  sig- 
nifying low,  swampy  ground,  which  is  applied  specifically  to  the  lakes 
above  Vanceboro,  but  sometimes  in  a  general  way  to  the  whole  St. 
Croix  region.  The  drainage  areas,  as  measured  on  Colton's  maj)  of 
Maine,  are  as  follows: 

Drainage  areas  of  St.  Croix  River. 

Siiuan?  miles. 


Vanceboro  darn,  foot  of  Schooclic  lakes   420 

Little  Falls     500 

luunediatoly  aliove  mouth  of  West  Branch   650 

Iiumediately  below  luouth  of  West  Branch   1,  400 

Spragues  Falls   1, 450 

Calais,  lower  (lam   1,530 

Mouth  of  river,  eastern  border  of  town  of  Calais   1,  630 

West  Branch,  at  Princeton  dam   540 

West  Branch,  at  confluence  with  main  river   750 


Without  railroad  communication,  except  as  afforded  by  the  east  and 
west  line  of  the  Maine  Central,  continued  east  of  Vanceboro  by  the 
Canadian  Pacific,  and  a  short  road  running  uj)  from  Calais  to  Princeton, 
the  main  portion  of  tiie  basin  is  practically  a  wilderness,  visited  only 
by  lumbermen  and  sportsmen.  The  cities  of  Calais,  situated  where  the 
St.  Croix  becomes  a  tidal  and  navigable  estuary,  and  St.  Stephen, 
directly  across  the  river  in  New  Brunswick,  have  a  population,  respec- 
tively, of  about  8,000  and  3,000.  These  are  points  of  supply  and  trade 
for  the  surrounding  country,  and  the  valuable  water  power  afforded  by 
this  ])ortion  of  the  river  has  here  been  utilized  for  sawing  the  greater 
part  of  the  logs  cut  upon  the  upper  basin,  as  well  as  for  other  impor- 
tatit  manufacturing  pur])oses.  Tliere  is  a  small  settlement  at  the  village 
of  Baring,  a  few  miles  above  Calais;  a  population  of  1,000  or  more  at 
Princeton,  on  the  West  Branch,  and  nearly  the  same  at  Vanceboro,  on 
the  East  Branch  or  main  river;  but  elsewhere,  on  both  these  streams, 
there  is  no  habitation,  except  at  long  intervals  a  farm  house  or  a  log- 
driver's  camp. 

Substantially  all  the  timber  now  standing  in  the  St.  Croix  Basin  is 
said  to  be  controlled  by  the  sawmill  owners  at  Calais  and  St.  Stephen. 
This  is  a  consideration  of  some  importance,  if  an  attempt  be  made  to 
develop  the  manufacture  of  wood  pulp,  inasmuch  as  a  bargain  must 
be  made  with  these  owners  for  a  supply  of  logs.  There  is  reason  to 
believe,  however,  that  a  satisfactory  arrangement  could  be  made 
with  certain  of  them.  The  timber  now  being  cut  in  this  basin  is 
mainly  spruce  and  hemlo(;k.  Twenty  years  ago  the  amount  annually 
cut  was  as  mucli  as  100,000,000. feet;  but  for  various  reasons  it  has 
fallen  away  to  2o,000,000  feet,  although  it  is  estimated  that,  under  im- 
proved business  conditions,  the  product  would  perhaps  rise  to  35,000,000 
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feet.  Smaller  logs  tbau  formerly  are  now  accepted.  Some  of  tlie  saw- 
mills liave  goue  to  decay,  and  others  which  were  burned  have  not  been 
replaced. 

FACILITIES  FOR  LAKE  STORAGE. 

The  storage  in  the  principal  reservoirs  of  the  St.  Croix  is  controlled 
by  the  St.  Croix  Log  Driving  Company,  a  chartered  association  com- 
prising the  various  mill  owners  upon  the  river.  This  company  has  a 
monopoly  of  log  driving  upon  the  river,  inasmuch  as  no  one  can  drive 
logs  unless  he  comply  with  its  conditions  and  share  in  the  expenses 
assessed  by  it.  Its  office  is  to  maintain  the  dams  at  certain  lakes,  to 
drive  the  logs  down  to  Baring,  and  to  assess  equitably  upon  the  mem- 
bers the  cost  of  these  operations.  While  the  purpose  of  the  company 
is  primarily  to  facilitate  log  driving,  and  water  is  drawn  from  the 
lakes  for  that  purpose  in  whatever  amount  is  needed  for  a  period  of 
perhaps  fifty  or  sixty  days,  for  the  balance  of  the  season  the  log-driving 
company  seeks  to  utilize  lake  storage  as  far  as  possible  for  the  water- 
power  interests  of  the  river. 

In  the  West  Branch  Basin  the  company  maintains  dams  controlling 
the  storage  in  Big  Lake,  Grand  Lake,  and  Sysledobsis  Lake.  The 
dam  at  the  foot  of  Big  Lake  and  its  prolongation  through  Long  and 
Leweys  lakes  is  situated  at  Princeton  and  gives  about  5  feet  of  avail- 
able storage,  the  three  lakes  being  credited  by  Wells'  with  about  1(> 
square  miles  of  surface.  The  tributary  drainage  area  is  large,  amount- 
ing to  540  square  miles,  and  every  spring  there  is  wastage  at  the  dam. 
Grand  Lake,  which  is  situated  the  next  above  on  this  branch,  between 
80  and  90  feet  higher  than  Big  Lake,  is  controlled  by  a  dam  giving  6 
or  7  feet  of  storage,  extending  back  over  Grand,  Compass,  Junior,  and 
some  other  smaller  connecting  lakes.  The  area  of  water  surface  com- 
manded can  not  be  given  with  any  accuracy,  but  from  Wells's  figures 
would  appear  to  be  upward  of  25  square  miles.  Still  above,  at  the 
outlet  of  Sysledobsis  Lake,  is  a  dam  giving  a  storage  of  approximately 
8  feet  in  that  lake,  which  is  stated  by  Wells  to  have  7  square  miles  of 
surface. 

On  the  East  Branch,  or  main  St.  Croix  River,  the  dam  at  Vanceboro 
commands  13J  feet  of  storage  over  about  27  square  miles  comprised  in 
the  lower  Schoodic  Lake;  while  above,  at  Forest  City,  another  dam 
gives  a  few  feet  of  storage  over  the  25  square  miles  of  the  upper 
Schoodic,  or  Grand  Lake. 

There  are  also  private  dams  on  most  of  the  minor  streams,  but  the 
storage  in  each  case  is  small  in  comparison  with  that  obtained  at  the 
above  lakes.  Such  dams  are  not  kept  in  good  repair,  and  the  reservoirs 
receive  no  further  attention  after  having  been  drawn  down  for  the  season. 
Much  might  be  accomplished  to  improve  the  storage  of  the  river  as  a 
whole  by  bringing  these  numerous  private  reservoirs  under  a  general 
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system  of  control,  if  this  were  found  practicable.  It  is  doubtless  also 
possible  greatly  to  increase  the  storage  in  many  existing  reservoirs  by 
raising  the  dams.  The  country  surrounding  the  lakes  is  flat,  and  even 
low  dams  i)roduce  extensive  tlowage.  While  such  imi)r<)vemeuts,  how- 
ever, could  have  easily  been  secured  many  years  ago,  when  the  flowed 
tracts  were  woodland,  they  are  not  now  so  feasible  in  the  case  of  the 
larger  lakes,  because  of  the  altered  uses  of  the  land  and  the  conse- 
quent increased  damages  which  would  be  incurred  for  flowage. 

No  measurements  of  the  flow  of  the  river  have  ever  been  made,  so  far 
as  can  be  ascertained,  and  the  experience  of  the  mills  now  in  operation 
throws  the  only  light  to  be  had  on  the  amount  of  flow.  The  level, 
wooded  surface  of  the  basin,  and  the  large  extent  of  lake  and  swamp 
area,  naturally  result  in  a  well-sustained  low-season  flow,  in  spite  of 
the  subordination  of  water  power  to  log-driving  interests  in  the  man- 
agement of  the  storage.  On  the  other  hand,  the  freshet  rise  is  not 
excessive,  the  extreme  range  between  high  and  low  water  amounting 
to  (>  feet  upon  the  Baring  dam,  and  i)robably  not  exceeding  8  feet  any- 
where on  the  river. 

FALL  IN  THE  RIVER. 

A  monument  marking  a  point  upon  the  State  boundary  at  the  extreme 
head  waters  of  the  St.  Croix  i)roper  is  538  feet  above  tide,  from  which 
there  is  a  descent  of  nearly  100  feet  to  Grand  Lake.  From  Grand  Lake 
to  the  lower  Schoodic  Lake,  or  Chiputneticook,  as  it  has  also  been 
called,  there  is  a  fall  of  about  60  feet,  and  at  the  dam  controlling  the 
former  lake,  at  Forest  City,  some  power  is  utilized,  the  i)articulars  of 
which  were  not  learned.  At  the  Vanceboro  dam,  at  the  foot  of  the 
lower  Schoodic  Lake,  no  power  is  used;  but  half  a  mile  or  so  farther 
downstream  there  is  another  dam,  at  which  a  fall  of  about  8  feet  is 
employed  for  nine  turbines  oi)erating  the  machinery  of  the  International 
Leather  Company's  tannery.  From  this  ])oint  no  dam  is  encountered 
on  the  St.  Croix  before  reaching  Baring,  nearly  50  miles  below,  except- 
ing an  occasional  wing  dam  built  by  the  log  drivers  for  controlling  the 
channel.  In  spite  of  the  relatively  low  elevation  of  St.  Croix  Basin  the 
river  has  a  good  slope,  averaging  about  7  feet  per  mile,  and  amounting 
to  more  than  350  feet  from  below  the  lower  Vanceboro  dam  to  mean 
tide  at  Calais.  Of  this  amount  approximately  two-fifths  in  the  aggre- 
gate, or  say  140  feet,  is  concentrated  at  Spednic;  Falls,  Grand  Falls, 
Si)ragues  Falls,  and  Calais,  the  balance  being  spread  over  the  various 
rips  and  smooth-flowing  sections  of  the  stream.  While  at  the  falls  the 
banks  are  generally  rocky  and  of  good  height,  elsewhere  they  are  com- 
monly low  and  succeeded  by  wide,  level  stretches  of  wooded  land.  Here 
and  there,  as  noticeably  above  Canoose  Kips,  the  river  widens  out  almost 
to  the  dimensions  of  a  lake,  running  for  miles  1,000  fec^t  or  niore  in 
width,  with  gentle  current.  The  distribution  of  the  entire  fall  of  the 
river  as  determined  by  Anson's  survey,  made  prior  to  1840,  and  quoted 
by  Wells  in  Water-Power  of  Maine,  p.  115,  is  set  forth  in  the  following 
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table  and  in  the  diagram,  fig.  7.  The  figures  given  are  perhaps  sub- 
ject to  minor  changes,  however,  at  the  upper  and  lower  extremities  of 
the  stretch  considered,  due  to  the  construction  of  dams  since  the  sur- 
vey was  made. 

Fall  in  St.  Croix  River. 


Locality. 

Distance 

Calais 
bridge. 

Height 

<lUUVO  €Xj( 

proximate 
low  tide. a 

Fall 
between 
points. 

1 

Distance 
between 
points. 

A  VPF1  CA 

fall  per 
mile  be- 
tw  een 
points. 

Miles. 

Feet. 

Feet. 

Miles. 

Feet. 

Schoodic  Lake,  at  foot  

54.62 

382.6 

1  9.7 

0. 56 

Foot  of  Kill-me-quick  Rips . . 

54.06 

372.9 

I     1/1  A 

Head  of  Mile  Rips  

51.02 

358.3 

y  99  Q 

1  on 

Foot  of  Mile  Rips  

50. 02 

335.4 

I  9 
c  OO,  ^ 

Head  of  Rocky  Rips  

39.  95 

252.2 

1  24.8 

3.38 

Foot  of  Rocky  Rips  

36. 57 

227.4 

j  1.0 

0. 63 

Head  of  Meetinghouse  Rips. 

35. 94 

226.4 

1    7. 7 

1.06 

Foot  of  Meetinghouse  Rips . . 

34. 88 

218.7 

1  0.2 

1.00 

Head  of  Haycock  Rips  

33. 88 

218.5 

1  6.0 

0. 39 

Foot  of  Haycock  Rips  

33. 49 

212.5 

1  0.6 

2.  88 

Head  of  Canoose  Rips  

30. 61 

211.9 

\  11.2 

0..56 

Foot  of  Canoose  Rips  

30.05 

200.7 

1  10.7 

7.30 

)  7.  00 

Head  of  hpednic  1  alls  

22. 75 

190.  0 

1  20. 1 

0.53 

Foot  of  Spednic  Falls  

22.  22 

169.9 

Grand  Falls,  head  of  upper 

.  3.9 

2. 25 

pitch  

19.97 

166.0 

1  20.0 

0.  56 

Grand  Falls,  lower  pitch  

19.41 

146.0 

I  17.8 

7. 93 

Head  of  Enochs  Rips  

11. 48 

128.2 

I  9.6 

0.  69 

Head  of  Spragues  Falls  

10.  79 

118.6 

j  25.4 

0.  36 

Foot  of  Spragues  Falls  

10.  43 

93.2 

1  6.7 

5.05 

Baring  bridge  

5.  38 

86.5 

1  13.9 

3.  60 

Milltown,  upper  bridge  

1.78 

72.6 

1  72.6 

1.78 

Calais  bridge  

0. 00 

a  Mean  rise  and  fall  of  tide  about  20  feet. 
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c?/  Calais 

Fig.  7. — Protile  of  St.  Croix  River  from  Vanceboro  to  Calai.s,  Maine. 


Passing  below  the  village  of  Vauceboro,  the  first  important  pitch 
encountered  is  that  at  Little  Falls,  some  8  miles  downstream,  although 
rapids  occur  at  intervals  iu  the  intervening  stretch,  the  most  n()ti(;e- 
able  of  these  being  Mile  Rips.  At  Little  Falls  the  river  descends  over 
ledges  perhaps  3  or  4  feet  in  as  many  hundred.  The  banks  are  high 
and  rocky,  and  the  site  appears  excellent  for  a  dam  of  moderate  height, 
which  probably  need  not  be  more  than  200  feet  long,  and  which  would 
give  a  fine  pondage  over  the  wide  and  sluggish  stretch  of  river  above. 
For  the  first  6  or  8  miles  below  Little  Falls  there  is  a  rapid  succession 
of  rips  of  varying  degrees  of  roughness.  The  river  then  becomes  wide 
and  sluggish,  probably  measuring  800  or  1,000  feet  between  banks,  and 
in  the  4  miles  from  Keene  Place  to  Canoose  Camp  is  broken  only  by 
the  rips  near  Rideout's.  At  Canoose  Rips,  which  are  some  12  miles 
below  Little  Falls,  the  descent  is  considerable,  amounting,  according 
to  the  table  elsewhere  given,  to  1 1  feet  in  about  half  a  mile.  Less  than 
half  a  mile  below  (3anoo.se  Ri])S  are  Dog  Island  Rii)S,  short  but  heavy, 
and  thence,  for  the  succeeding  8  miles  to  Spednic  Falls,  the  river  is 
almost  uniforndy  smooth. 

The  Spednic  Falls  are  not  more  than  2  nnles  above  the  mouth  of  the 
"West  Branch  of  the  St.  Croix  and  form  an  imj)ortant  water  privilege. 
The  river  here  descends  in  a  succession  of  pitches  ami  rapids,  mainly 
comi)ris('d  within  1,000  feet,  and  with  a  total  fall  of  about  20  feet  in 
half  a  mile.  The  banks  are  rocky,  though  not  high  at  the  head  of  the 
falls,  and  the  main  channel  is  narrow.  One  or  more  side  channels 
through  which  also  tlie  stream  naturally  flowed  have  already  been 
dammed  ])y  the  lumbermen. 

Almost  immediately  l)el()W  the  mouth  of  the  West  liranch  are  Grand 
Falls,  comprising  what  are  known  as  the  upper  and  lower  pitches, 
19  (iEOL,  J'T  4  4 
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perhaps  half  a  mile  apart,  and  each  covering  a  fall  of  15  or  20  feet. 
At  the  upper  pitch  there  is  an  abrupt  fall  of  about  G  feet,  followed  by 
heavy  rapids.  The  river  is  naturally  divided  by  a  rocky  island,  but 
by  a  log  wing  dam  its  flow  has  been  confined  within  ,  a  single  main 
channel.  The  lower  falls  are  a  close  counterpart  of  the  upper  in  all 
their  principal  features,  and  both  are  to  be  regarded  as  important  sites 
for  power. 

Below  Grand  Falls  there  are  only  occasional  light  rips  for  8  miles. 
Then  are  encountered  l<>nochs  Rips,  closely  succeeded  by  Spragues 
Falls,  shown  in  PI.  VIII,  A,  the  latter  undoubtedly  constituting  the 
principal  undeveloped  water  power  of  the  river.  The  St.  Croix  and 
Penobscot  liailroad,  running  from  Calais  to  Princeton,  skirts  the  east 
bank  of  tbe  river  opi)osite  the  falls,  and  crosses  a  short  distance 
upstream.  There  is  a  resemblance  to  the  sites  at  Grand  and  Spednic 
falls,  in  that  the  river  is  divided  by  a  rocky  island.  The  channel  to 
the  right  of  this  has  been  closed,  for  log-driving  purposes,  by  a  long 
and  high  wing  dam,  forcing  the  river  between  the  island  and  the  left  or 
east  bank.  This  channel  is  150  or  200  feet  wide,  and  at  the  head  of  the 
falls  the  facilities  seem  excellent  for  the  construction  of  a  dam,  which 
would  have  for  abutments  the  ledges  of  the  island  and  the  left  main 
bank,  both  of  which  are  of  sufBcient  height.  Approaching  the  falls 
from  above  there  are  heavy  rai)ids  for  500  feet,  then  an  abrupt  pitch  of 
6  or  8  feet,  followed  by  rapids  and  minor  intches  for  800  or  1,000  feet 
farther,  the  total  descent,  according  to  Anson's  old  survey,  amounting 
to  25  feet  in  a  third  of  a  mile,  or,  if  combined  with  Enochs  Eips,  35 
feet  in  a  mile.  On  all  accounts  the  water  power  at  Spragues  Falls  is  a 
fine  one.  No  very  close  estimate,  however,  can  be  made  as  to  the  avail- 
able power.  The  drainage  area  is  not  materially  different  from  that  at 
Calais,  and,  judging  from  the  experience  of  the  mills  in  that  city,  the 
power  probably  would  not,  in  an  extreme  drought  like  that  of  1895, 
exceed  40  or  50  net  horsepower  per  foot  of  fall,  continuous  for  the  24 
hours,  or,  say,  from  1,000  to  1,200  net  horsepower  for  the  entire  fall  of 
25  feet.  The  shortage  of  1895  is  attributed  in  part  to  unwise  manage- 
ment of  the  lake  storage,  and  it  seems  quite  certain  that  throughout 
all  ordinary  years  the  power  at  Spragues  Falls  is  much  in  excess  of  the 
figures  above  given. 

In  the  5  miles  from  Spragues  Falls  to  Baring,  the  river  has  but  slight 
fall,  but  therefore  affords  large  pondage  and  valuable  storage  space 
for  logs.  At  Baring  there  is  an  old,  dilapidated,  and  leaky  dam,  built 
from  ledge  to  ledge  and  affording  a  head  of  8  or  10  feet  at  the  mills, 
although  from  the  ordinary  level  of  the  mill  pond  to  the  foot  of  the 
rips  below  the  dam  the  fall  is  stated  to  be  about  12  feet.  Thirtj"  years 
ago  a  large  amount  of  lumber  was  sawed  here  and  eight  or  ten  gang 
saws  were  in  operation ;  but  the  old  mills  have  been  burned  and  not 
rebuilt,  and  the  manufacturing  is  now  confined  to  two  small  establish- 
ments on  the  American  side  of  the  river,  making  shingles,  barrel 
heads,  and  box  shooks. 
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POWER  UTILIZED  AT  CALAIS  AND  VICINITY. 

The  uext  and  last  power  on  the  river  is  that  at  Calais  and  vicinity. 
The  ISt.  Croix,  wliicli  above  this  point  has  in  general  run  between  low 
banks  and  been  depressed  but  little  below  the  level  of  the  adjacent 
country,  now  appears  to  have  worn  its  channel  much  below  that  level 
and  in  less  than  2  miles,  from  the  surface  of  the  upper  pond  at  Mill- 
town  to  tide  water  at  the  lower  Calais  bridge,  descends  about  54  feet 
measured  to  ordinary  high  tide,  or  about  20  feet  more  than  that  if 
measured  to  ordinary  low  tide.  Calais  and  its  upper  suburb  of  Mill- 
town  lie  on  the  American  bank,  and  St.  Stephen  with  its  suburb,  also 
called  Milltown,  lies  across  the  river.  Manufacturing  is  conducted  at 
four  diflerent  dams,  three  of  which  appear  to  be  old  and  leaky.  All 
are  of  log  construction. 

At  the  upper  dam  the  fall  is  12  feet,  and  the  power  is  all  owned  by 
H.  F.  Eaton  «&  Sons,  who  operate  a  sawmill  on  each  bank,  that  on  the 
Canadian  side  being  equipped  with  four  gang  saws  and  a  planing  mill, 
and  that  on  the  American  side  with  three  gang  saws,  a  planing  mill,  and 
a  box  machine.  These  mills  have  a  combined  capacity  for  sawing  more 
than  25,()00,()()0  feet  of  lumber  in  a  season,  but  on  account  of  dull 
times  only  four  gang  saw\s  were  in  operation  in  July,  1897.  A  short 
distance  below,  a  wing  dam  on  the  American  side,  commanding  a  part 
only  of  the  flow  of  the  river,  gives  a  fall  of  9  feet,  the  power  corre- 
sponding to  which  is  used  in  James  Murchie  &  Sons'  mill,  equipped 
with  three  gang  saws,  a  planing  mill,  and  shingle  mill.  On  the  oppo- 
site side  of  the  river  is  a  dam  in  a  dila])idated  condition,  giving  a  few 
feet  of  fall,  now  used  only  for  operating, a  shingle  mill. 

The  next  privilege  occurs  at  what  are  known  as  the  Salmon  Falls, 
shown  in  PI.  VIII,  Ti,  and  is  the  most  important  and  the  best  developed 
at  this  locality.  It  is  owned  by  the  Canadian  Cotton  Mills  Company, 
Limited,  having  a  fine  mill  on  the  Kew  Brunswick  bank,  equii)ped  with 
31,000  spindles  and  1,100  looms,  and  employing  725  hands.  The  dam 
is  a  tight  and  costly  structure  of  log  cribs  jiacked  with  stone,  and 
develops  a  normal  fall  of  about  21  feet.  Three  54-inch  Hercules  tur- 
bines are  installed,  but  only  from  1,000  to  1,100  horsepower  is  actually 
eini)loyed.  For  this  there  has  been  no  shortage  except  in  the  summer 
or  fall  of  1895.  The  mill  is  dependent  upon  the  continuous  flow  of  the 
stream,  the  pond  being  small  and  no  material  aid  being  received  from 
storage  of  night  flow  either  here  or  at.the  dams  above. 

The  last  dam  on  the  river  is  near  the  head  of  tide  water.  It  gives  a 
fall  reckoned  as  normally  10  feet,  but  vaiying,  with  the  season,  from 
8  feet  at  times  in  dry  weather  to  12  or  13  feet  in  freshets.  The  ordinary 
tidal  rise  and  fall  below  the  dam  is  1  or  2  feet,  and  that  in  si)ring  tides 
3  or  4  feet.  The  entire  privilege  is  owned  by  Mr.  Frank  Todd,  who 
operates  mills  on  botli  banks,  f)rdinarily  sawing  in  the  aggregate 
8,000,000  or  10,0()(),0()0  feet  of  lumber  per  annum.  He  also  owns  the 
electric-light  station,  at  which  500  hor.sepower  of  turbines  is  installed, 
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with  about  200  horsepower  in  present  use,  and  proposes  also  to  build 
on  the  American  bank  a  sulphite  pulp  mill.  Below  this  dam  heavy 
rapids  are  exposed  at  low  tide,  but  the  power  is  naturally  of  little 
consequence. 

WEST  BRANCH  OF  ST.  CROIX  RIVER. 

The  West  Branch  has  a  materially  larger  drainage  area  than  the 
East  Branch,  or  what  has  been  called  the  main  St.  Croix  River,  com- 
prising 750  square  miles  at  the  confluence  of  the  two  streams,  and  540 
scuare  miles  at  Princeton.  No  power  is  used,  however,  except  at 
Piinceton  dam,  at  the  foot  of  Big  Lake,  or,  i)erbaps  more  properly,  at 
the  foot  of  tbe  eastern  extension  known  as  Leweys  Lake.  This  dam  is 
an  old  structure,  clearly  allowing  much  leakage,  and  gives  a  head  at 
the  mills  amounting  at  a  favorable  stage  of  water  to  about  9  feet. 
Power  is  used  for  F.  Mercer  Sons'  grist  mill,  box  mill,  and  sawmill, 
the  latter  manufacturing  from  7,000,000  to  8,000,000  feet  during  the 
season,  and  for  S.  L.  Peabody's  one- set  woolen  mill. 

From  Princeton  to  the  mouth  of  the  West  Branch  is  a  distance  of 
about  8i  miles,  in  which  the  fall  amounts  to  between  12  and  13  feet, 
according  to  Anson's  survey.  The  stream  runs  much  of  the  way 
between  low  banks,  from  250  to  350  feet  wide  in  the  narrower  portions 
of  its  course,  but  spreading  out  in  places  to  a  much  greater  width. 
The  current  is  gentle  and  the  surface  smooth,  broken  only  by  Tomah 
and  Black  Cat  rips,  neither  of  them  so  strong  that  they  can  not  be 
ascended  readily  by  i)oling  in  a  canoe.  Above  Big  Lake  the  outlet 
stream  from  Grand  Lake  has  a  fall,  by  Anson's  survey,  of  82  feet  in 
its  length  of  2f  miles,  doubtless  furnishing  good  water  powers,  but  at 
present  removed  from  settlement  and  from  railroad  communication. 

PENOBSCOT  RIVER. 

The  largest  river  basin  in  Maine  is  that  of  the  Penobscot,  shown  on 
PI.  IX,  which  comprises  about  8,500  square  miles,  or  somewhat  more 
than  one-fourth  the  entire  area  of  the  State.  It  extends  about  135 
miles  northward  from  the  coast  and  in  its  upper  portion  stretches 
nearly  an  equal  distance  east  and  west,  reaching  almost  entirely  across 
the  central  part  of  the  State,  from  the  New  Brunswick  border  on  the 
east  to  the  Quebec  on  the  west.  In  the  main,  the  eastern  part  of  the 
basin,  including  the  drainage  areas  of  the  East  Branch  and  the  Matta- 
wamkeag,  has  a  gently  undulating  surface,  insensibly  blending  into  the 
valley  of  the  Aroostook  on  the  north  at  an  average  height  above  tide 
probably  not  exceeding  1,000  feet.  To  the  westward  the  surface 
becomes  broken  and  much  diversified  by  hills,  detached  peaks,  lakes, 
ponds,  and  swamps;  and  finally,  as  described  on  page  103  of  Wells's 
report,  "The  valley  becomes  merged  with  that  of  the  Kennebec  on  the 
south  and  the  Allaguash  on  the  north,  and  terminates  on  the  northwest 
at  the  highland  boundaries  of  the  State  and  in  the  swamps  and  lagoons 
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wliicli  form  the  common  reservoir  of  the  St.  Jolin  and  Penobscot." 
Mount  Katalidin,  the  highest  i)eak  in  Maine,  lies  about  10  miles  north 
of  the  river  in  the  central  part  of  the  State,  but  the  basin  as  a  whole  is 
less  elevated  than  that  of  either  the  Kennebec  or  the  Androscoggin. 
Slate  is  the  principal  surface  rock  over  the  up[)er  basin,  succeeded  by 
schists,  granite,  and  gneiss  to  the  east  and  south,  while  the  soil  is 
mainly  gravel,  clay,  and  loam.  The  country  drained  by  the  Penobscot 
is  heavily  timbered,  and  the  lumber  industry  is  the  most  important  in 
the  valley,  the  drive  of  logs  for  the  season  of  1890  being  estimated  at 
about  110,000.000  feet,  more  than  half  of  this  coming  from  the  West 
Branch. 

Drainage  areas,  Penobscot  Hirer  and  principal  tributaries,  (a) 


Kiver. 


Penobscot  

Do  

Do  

Do  

Do  

Do  

Do  

Do  

Do  

Do  

Caiiooingoinoc  

East   Brauch  of 

Penobscot. 
Matt.iwamkeag  .. 

Do  

Piscataquis  , 

Do  

Do  

Passadumkeag  . .. 


Locality. 


Opposite  northwest  extremity  of  Mooseheacl 
Lake,  township  of  Scobooniook,  immedi- 
ately below  mouth  of  Nulhediis  Creek. 

Entrance  into  Chesuncook  Lake  

Outlet  of  Chesuncook  Lake  

Outlet  of  Twin  Lakes  

Immediately  below  mouth  of  East  Branch  of 
Penobscot. 

Immediately  below  mouth  of  Mattawamkeag 
River. 

Immediately  below  mouth  of  Piscataquis 
River. 

Oldtown,  above  mouth  of  Pushaw  River  

Bangor  

Mouth  

Entrance  into  Chesuncook  Lake  

Mouth  


Immediately  below  outlet  of  Baskahegan  Lake. 

Mouth  

Dover  

Immediately  below  outlet  of  Sebec  Lake  

Mouth  

Mouth  


Drainage 
area. 


Sq.  miles. 
600 


870 
1,440 
1,990 
3, 160 

4,  810 

6,590 

7,  240 
7,910 

8,  550 
230 

1, 170 

190 
1,  530 

380 

750 
1,500 

400 


a  Measured  on  6.  W.  &  C.  B.  Colton  &  Co.'s  map  of  Maine,  published  in  1883. 
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FALL  IN  THE  RIVER. 

The  remote  sources  of  the  Penobscot  are  adjacent  to  the  head  waters 
of  the  Chaudicre,  St.  John,  and  Kennebec  rivers,  and  are  more  than  200 
miles  by  water  from  the  outlet  into  Penobscot  Bay.  The  divide  in  the 
extreme  northwest  averages  i)erhaps  1,800  feet  above  sea  level.  In  the 
50  miles  from  the  head  of  the  Southwest  Branch  to  Chesuncook  Lake 
there  is  a  descent  of  about  COO  feet,  but  the  stream  there  is  small  and 
relatively  inaccessible.  After  issuing  from  Chesuncook  Lake  the  river 
has  a  further  fall  of  about  400  feet  in  less  than  20  miles  before  entering 
Pamedecook  and  Twin  lakes,  but  still  lies  in  a  wilderness,  with  no  direct 
railroad  communication.  The  "Great  Arches,"  at  Ripogenus,  below 
Chesuncook  Lake,  are  shown  in  PI.  X.  The  tributary  drainage  area 
has  increased  from  1,440  square  miles  at  the  foot  of  Chesuncook  Lake 
to  1,990  square  miles  at  the  foot  of  Twin  Lakes.  In  the  next  30  miles, 
or  thereabouts,  below  Twin  Lakes  to  the  mouth  of  the  Mattawamkeag 
River,  the  Penobscot  descends  288  feet;  and  because  of  this  rapid  fall, 
the  enlarged  drainage  area,  and  the  extensive  storage  facilities  oliered  by 
the  lakes,  this  section  possesses  water  power  of  great  intrinsic  value, 
although  a  demand  for  its  development  has  not  yet  arisen. 


Fall  in  Penobscot  River. 


Locality. 

Dis- 
tance 

from 
mouth 

of 
river,  a 

Height 
above 
mean 
tide. 

Fall  be- 
tween 
points. 

Dis- 
tance 

be- 
tween 
points. 

Aver- 
age fall 
per 
mile 
be- 
tween 
points. 

Authority  for  elevation.s. 

Miles. 

Feet. 

Feet. 

Miles. 

Feet. 

Penobscot  Lake,  head 

218 

1,  509 

of  SW.  Branch. 

>475 

25 

19.0 

Off    NVV.    angle  of 

193 

1,034 

Moosehead  Lake. 

134 

24 

5.6 

Head  of  Chesuncook 

Lake. 
Foot  of  Chesuncook 

169 
151 

900 
900 

J 

1 

j400 

Wells :  Water-Power 
of  Maine,  p.  101. 

Lake. 

18 

22.  2 

Head  of  Pamedecook 

133 

500± 

Lake. 

Foot  of  Twin  Lakes  . . 
Banftor    and  Aroos- 

, 116 
116 

500i 
465 

r  Moses  Burpee,  chief 

took  R.  R.  crossing 

< 

engineer,  Bangor 

below  foot  of  Twin 

'288 

29 

9.9 

and  Aroostook 

Lakes. 

^    R.  R. 

a  Measured  on  Colton's  map  of  Maine,  scale  about  8|  miles  to  the  inch. 
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Fall  in  Penobscot  River — Continued. 


Locality. 

Dis-. 
tance 
from 
mouth 

river. 

Height 
above 
meau 
tide. 

Fall  be- 
tween 
points. 

Dis- 
tance 

be. 
twoen 
points. 

Aver- 
age fall 

j)or 
mile 

be- 
tween 
points. 

Authority  for  elevations. 



Miles. 



Feet. 

Feet. 

Milet. 

—  — 
Feet. 

Canadian  PaciHc 

87 

a  177 

Rwy.  crossing  near 

f  P.  A.  Peterson,  chief 

month    of  Matta- 

'  71 

31 

2.3 

1 

{     e n g  i  nee r,  Caua- 

waiiikeasi  River. 

1 

(     (lian  Pacific  Rwy. 

Mouth  of  Passadum- 

keag  River. 
Maine  (.'entrnl  R.  It. 

56 
39 

106 
6  61 

J 

•  45 

17 

2.6 

(  Wells :  Water-Power 
1     of  Maine,  p.  101. 
(  H.  C.  Robinson,  asst. 

crossing  at  Oldto  wn. 

f61 

12 

5. 1 

I     engineer,  Maine 

Bangor   

27 

0 

[     Central  R.  R. 

a  Adjusted  for  water  surface  and  mean  tide  from  elevation  of  track,  220  feet  above  extreme  low 
water  at  St.  John,  Jsew  Brunswick. 

b  Adjusted  for  water  surface  and  mean  tide  from  elevation  of  track,  95  feet  above  mean  low  tide  at 
Bangor. 


Below  the  mouth  of  the  Mattawaiiikea<>-  the  tributary  drainage  area 
comprises  4,810  square  uiiles.  Hitherto  the  river  has  been  pursuing  an 
easterly  or  southeasterly  course,  but  it  now  turns  southerly,  and  in  the 
GO  miles  to  tide  water  at  Bangor  falls  177  feet.  Throughout  this  section 
it  is  closely  followed  by  the  IVIaiiie  Central  Railroad,  and  below  P)angor 
the  river  is  navigable  for  the  li7  miles  to  the  mouth  during  about 
eight  months  of  the  year,  being  closed  by  ice  the  r<'maining  time.  The 
fall  in  the  above  stretch  is  unevenly  distributed,  nearly  or  (juite  one- 
half  occurring  in  the  14  or  15  miles  from  the  liead  of  Cookis  Kips, 
above  Oldtowu,  to  tide  water  at  Bangor.  It  is  to  this  latter  portion  of 
the  river  that  the  use  of  water  power  has  thus  far,  with  one  exception, 
been  confined,  dams  having  been  constructed  in  the  main  cliannel  at  live 
ditferent  localities,  developing  an  aggregate  fall  of  between  55  and  00 
feet,  while  there  are  three  dams  on  what  is  known  as  the  Stillwater 
Branch,  at  Oldtown  and  Orono.  Above  this  stretch  there  is  a  single 
fall  in  use,  that  at  Montague,  approximately  midway  between  Oldtowu 
and  Mattawamkeag,  amounting  to  20  feet,  and  surveys  have  also  re- 
cently been  made  with  a  view  to  the  future  development  of  still 
another  fall,  a  mile  or  two  below  Mattawamkeag, 

UTILIZATION  OF  POWER, 

Probably  first  in  importance  with  res[)ect  to  the  amount  of  power  used 
are  the  pulp  mills,  of  which  there  are  three  operated  by  water  jjower, 
together  using  at  full  capacity  not  far  from  0,500  horsepower  of  tur- 
bines.   There  is  a  single  paper  mill,  that  of  the  Webster  I'aper  Com- 
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pauy,  at  Orono.  Tvliicli  manufactures  about  25  tons  of  news  paper  per 
day. 

For  many  miles  above  Oldtown  the  river  contains  numerous  islands, 
some  of  large  size.  The  channels  thus  formed,  and  the  long  stretches 
of  smooth  water  which  exist,  have  proved  very  favorable  for  the  stor- 
age and  handling  of  logs  to  be  sawed  at  the  various  mills  below,  and 
a  large  force  of  men  is  kept  busy  during  the  season  in  sorting  and  driv- 
ing these  logs.  The  sawmills,  of  which  there  are  seven  operated  by 
water  power  from  the  Penobscot  and  its  Stillwater  Branch,  doubtless 
rank,  with  their  accompanying  machinery  in  the  way  of  planing, 
shingle,  lath,  clapboard  machines,  etc.,  next  to  the  largest  users  of  power, 
in  the  aggregate,  ou  the  river,  although  it  is  impossible  to  state  the 
horsepower  of  water  wheels  employed  by  them.  According  to  statis- 
tics obtained  by  individual  inquiry,  they  manufacture  a  total  of  upward 
of  75,000,000  feet  of  lumber  in  a  season  of  good  business.  The  sawing 
season,  however,  lasts  for  but  about  six  months,  from  May  to  Novem- 
ber, the  river  being  frozen  over  the  balance  of  the  time,  and  thus 
precluding  the  handling  of  logs  in  the  customary  manner. 

At  Veazie,  2  or  3  miles  above  Bangor,  is  the  important  electric 
power  and  lighting  station  of  the  Public  Works  Company,  of  Bangor, 
operated  by  about  1,500  horsepower  of  turbines;  120  horsei^ower,  or 
thereabouts,  is  used  at  an  electric-lighting  station  at  Oldtown,  and  250 
horsepower  for  the  municipal  lighting  plant  at  the  Bangor  pumping 
station.  Moderate  powers  are  also  in  use  for  pumping  public  water 
supplies  from  the  river  at  Oldtown,  Yeazie,  and  Bangor.  These  works, 
together  with  those  already  enumerated,  a  single  woolen  mill  at  Old- 
town,  and  a  cant-dog  shop  at  Orono,  comprise  all  using  water  power 
from  Penobscot  Eiver. 

From  the  measurements  which  have  been  made  of  the  flow  of  the 
river,  and  which  will  be  given  later,  it  appears  probable  that  300  net 
horsepower  per  foot  of  fall,  average  for  the  twenty-four  hours,  can  be 
realized  below  the  Piscataquis  throughout  most  years,  under  existing 
conditions  of  the  river,  with  a  possible  fall  to  200  horsepower  in  a 
very  exceptional  season.  The  large  drainage  area,  the  comparative 
uniformity  of  its  surface,  the  great  forest  covering,  and  the  extensive 
system  of  lakes  and  swamps  combine  to  give  the  main  river  a  fairly 
well-sustained  flow.  The  extreme  freshet  height  observed  on  the 
Bangor  dam  has  been  llf  feet. 

DISCHARGE  MEASUREMENTS. 

The  only  measurements  of  the  flow  of  the  Penobscot  of  which  infor- 
mation could  be  obtained  were  made  by  Prof.  George  H.  Hamlin,  of 
Maine  State  College,  in  the  fall  of  1884  and  in  the  fall  of  1880.  On 
September  20,  22,  and  23,  1884,  respectively,  the  main  river  opposite 
Vinals  Landing,  Orono,  the  East  Branch  of  the  Stillwater  at  the  foot 
of  Orono  Island,  and  the  West  Branch  of  the  Stillwater  at  the  foot  of 
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Orono  Island,  were  ineasured  by  subsurface  floats,  and  the  discliarge 
of  the  entire  river  thus  ascertained  to  be  3,480  cubic  feet  per  second, 
corresponding  to  0.48  cubic  foot  per  second  for  each  of  the  7,240  scpiare 
miles  of  tributary  drainage  area.  About  85  per  cent  of  the  discharge 
was  througli  the  main  river.  The  result  tlius  obtained  is  considered  by 
Professor  Ilanilin  to  represent  "average  extreme  h)w  water  discharge." 

Again,  on  September  7,  188G,  the  East  and  West  branches  of  the 
Stillwater  were  measured  at  the  place  noted  above,  and  on  October  23, 
at  a  substantially  identical  stage  of  water,  the  main  river  was  measured 
about  a  quarter  of  a  mile  below  the  works  of  the  Penobscot  Chemical 
Fiber  Company.  The  Ellis  current  meter  was  used  for  these  measure- 
ments, and  the  discliarge  of  the  entire  river  was  found  to  be  2,470 
cubic  feet  per  second,  equivalent  to  0.34  cubic  foot  i)er  second  per 
square  mile.  This  discharge  Professor  Hamlin  regards  as  correspond- 
ing to  "extreme  low  water,"  He  states  that  the  river  has  been  lower 
than  it  was  at  that  time,  but  only  slightly  so  and  at  rare  intervals.  In 
the  measurements  both  of  1884  and  of  188G  it  is  believed  that  the 
results  obtained  represented  average  flow  for  the  twenty-four  hours. 

The  only  extended  rainfall  record  in  the  basin  appears  to  be  that  for 
Orono,  10  or  12  miles  above  Bangor,  showing  40  inches  yearly  average 
for  the  period  1871  to  1891  (Weather  Bureau,  Bulletin  C,  1894). 

STORAGE  FACILITIES  IN  THE  BASIN, 

A  very  important  feature  from  a  hydrographic  point  of  view,  and 
one  which  must  be  intimately  connecited  with  the  future  utilization  of 
the  power  of  the  river,  lies  in  the  opportunities  for  storage  oflered  by 
the  tributary  lakes  and  ponds.  At  present,  in  so  far  as  control  is  exer- 
cised over  these,  the  main  purpose  is  to  facilitate  log  driving  in  the 
late  spring  and  early  summer,  and  is  thus  entirely  at  variance  with 
the  re()uir('ments  which  would  accompany  a  complete  development  of 
the  river  for  power.  Wells,  m  Water  Tower  of  Elaine,  p.  100,  states 
the  number  of  lakes  and  ponds  in  the  I'enobscot  Basin,  which  have 
been  mapped,  as  467.  J^ess  than  half  of  these,  but  including  the  prin- 
cipal ones,  have  a  combined  surface  area  of  approximately  480  square 
miles,  distributed  as  follows: 

Surface  area  of  principal  lakes  and  ponds  in  the  Penobscot  Basin. 


Draining  to —  Square  milea. 

Piscat;n|ui8  River   85.90 

Pa8sadnnikea<^  I?iver   31.25 

Mattawainkeaf^  River   53.35 

East  Hrant'li  of  Penobscot   42.30 

Penobscot  River  above  outlet  of  Chesiincook  Lake   80.65 

Penobscot  River,  thence  to  outlet  of  Twin  Lakes   64.  25 

Penob.scot  River,  thence  to  Bangor   .54.50 


Total   412.20 


The  area  of  these  lakes,  together  with  about  10  scpiare  miles  diverted 
from  the  Allaguasli  and  about  30  s(|uare  miles  tributary  below  Hangor, 
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make  up  the  480  square  miles  previously  mentioned.  The  lakes  range 
in  size  from  about  22  square  miles,  in  the  case  of  Chesuncook,  down- 
ward, nine  of  them  comprising  each  10  square  miles  or  more  of  surface. 
In  general,  however,  the  lakes  and  i)onds  are  of  rather  small  size,  and 
the  development  of  large  storage  is  not  so  simple  as  in  the  Kennebec 
or  the  Androscoggin  basin.  Yet  the  opportunities  for  artificial  reser- 
voirs are  said  to  be  unusually  good  in  the  upper  basin  of  the  Penobscot, 
although  involving  extensive  flowage.  Every  additional  foot  of  availa- 
ble storage  over  the  450  square  miles  of  lake  surface  above  Bangor  is 
equivalent  to  an  additional  continuous  flow  of  about  800  cubic  feet  per 
second  for  six  months  in  the  year  at  that  place. 

DIVERSION  OF  FLOW  FROM  THE  ALLAGUASH. 

So  low  are  the  divides  between  the  upper  Penobscot  and  the  St. 
John  and  Kennebec  basins  that  a  diversion  of  water  to  or  from  the 
former  river  is  comparatively  easy.  More  than  forty  years  ago  an 
artificial  connection  had  been  established  between  the  upper  waters  ot 
the  Allaguash,  a  tributary  of  the  St.  John,  and  the  East  Branch  of  the 
Penobscot.  This  was  brought  about  by  means  of  a  dam  at  the  northern 
or  outlet  end  of  Chamberlain  Lake,  a  feeder  of  the  Allaguash,  as  shown 
on  PI.  XI.  The  waters  of  that  lake  were  thus  turned  back  through 
two  connecting  lakes,  Telosmis  and  Telos,  and  from  the  latter  through 
an  artificial  cut  to  Webster  Lake,  in  the  Penobscot  Basin.  There  was 
also  a  dam  farther  down  the  Allaguash,  at  the  foot  of  Churchill  Lake, 
flooding  the  latter  back  into  Heron  Lake,  from  which  locks  permitted 
the  floating  of  logs  up  into  Chamberlain  Lake  and  thence  to  the  Penob- 
scot; but  these  works  have  long  since  gone  to  decay.  The  dam  at  the 
outlet  of  Chamberlain  Lake  and  that  at  Telos  Lake,  however,  are  still 
in  use.  The  waters  of  Chamberlain  Lake,  at  the  time  of  the  spring 
drive,  are  turned  through  the  Telos  Cut  into  the  East  Branch  of  the 
Penobscot  to  facilitate  the  passage  of  the  drives  down  that  river.  At 
the  close  of  the  driving  season  the  gates  at  Chamberlain  Dara  are  opened, 
and  the  water  of  that  lake  is  allowed  passage  both  ways.  All  timber, 
therefore,  which  is  delivered  below  Chamberlain  Lake  on  the  Allaguash 
waters  must  go  down  to  St.  John;  while  that  delivered  at  Chamberlain 
Lake,  although  it  can  go  either  way,  is  driven  down  the  Penobscot  to 
market. 

SLUICING  OF  LOGS  TO  MOOSEHEAD  LAKE. 

Again,  the  main  upper  branch  of  the  Penobscot  flows  within  2  or  3 
miles  of  the  head  of  Moosehead  Lake,  which  is  the  direct  and  principal 
source  of  Kennebec  River;  and  so  slight  are  the  barriers  separating 
river  and  lake  that  many  years  ago  a  canal,  to  be  called  the  Seeboomook 
sluiceway,  was  planned  to  unite  them,  in  order  to  provide  a  more  direct 
passage  for  logs  toward  the  coast.  This  sluiceway  was  never  built; 
but  although  no  water  is  diverted  from  the  Penobscot  into  Moosehead 
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Lake,  timber  is  transported  across  by  means  of  an  endless  chain  and 
a  sluice.  A  dam  was  built  across  the  Penobs(;ot,  settin«i-  the  water 
back  into  Meadow  Pond.  (See  tig.  8.)  Logs  coming  down  the  river 
are  sorted  above  the  island,  and  those  destined  for  the  Kennebec  are 
driven  through  the  cut  into  Meadow  Pond.  From  this  pond  they  are 
lifted  by  an  endless  chain  carrier,  very  much  as  ice  is  transported  from 
a  pond  into  an  icehouse,  to  the  upper  end  of  a  V-sbaped  sluiceway 
which  leads  down  the  southern  slope  to  Moosehead.  This  sluiceway  is 
fed  with  water  from  Carry  Pond,  a  small  body  of  water  higher  than  the 


Flo.  8.— Arrangement  for  conveying  logs  from  Penobscot  River  into  Moosehead  Lake. 


upper  end  of  the  sluice.  The  logs  brought  up  by  the  endless  chain  are 
dropped  into  the  upper  end  of  the  slui(;e,  down  which  they  i)ass,  one 
after  another,  to  Moosehead  Lake,  the  average  run  being  said  to 
amount  to  about  one-third  of  a  million  feet  per  day.' 

CONTROL  OF  STORAGE  AT  TWIN  DAM. 

The  ui)permost  point  at  which  the  Penobscot  is  at  present  directly 
touched  by  a  railroad  is  Twin  dam,  at  the  outlet  of  North  Twin  Lake. 
Here  is  controlled,  for  log-driving  purposes,  the  splendid  storage 
afforded  by  Morth  Twin,  South  Twin,  I'amedecook,  Ambiijejus,  and 
other  connecting  lakes.  The  dam  by  which  this  is  effected  is  a  timber 
structure  some  400  feet  long,  with  perhaps  100  feet  of  embankment  at 


'  For  facts  regarding  the  upper  waters  of  the  Penobscot,  I  am  indebted  to  Mr.  E.  S.  Coe,  of  Bangor. 
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each  end  (shown  in  PI.  XII,  A).  It  consists  of  a  series  of  log  and  stone 
cribwork  piers  alternating  with  gates  and  sluiceways,  and  is  a  very  old 
structure,  in  a  somewhat  dilapidated  but  ])erliaps  sufficiently  servicea- 
ble condition.  Fioni  the  top  of  the  cross  timbers  to  the  bottom  of  the 
gates  is  about  17  feet,  which  substantially  measures  the  depth  of 
storage  afforded  by  the  dam.  The  lake  Alls  up  regularly  in  the  spring, 
and  by  May  or  June  water  is  overflowing  the  dam.  In  the  lake  the 
logs  driven  down  from  the  upper  Penobscot  and  from  other  tributary 
streams  are  finally  collected  and  towed  in  rafts  to  the  vicinity  of  North 
Twin  dam.  Here  a  few  are  sent  from  day  to  day  through  the  smaller 
sluiceways,  until  finally,  when  the  main  drive  has  been  collected,  the 
timbers  which  have  closed  the  principal  sluiceway,  some  40  feet  wide 
and  17  feet  high,  are  cut  away,  and  in  the  torrent  which  then  pours 
from  the  lake  the  remaining  logs  are  rapidly  carried  out.  After  the 
passage  of  the  drive  the  regulating  gates  are  left  open,  and  the  natural 
flow  of  the  river  continues  for  the  remainder  of  the  season.  This  dam 
is  controlled  by  the  Penobscot  Log  Driving  Company,  which  also  main- 
tains dams  farther  uj)  the  Penobscot,  at  the  foot  of  Kipogenus  and 
Chesuncook  lakes,  as  well  as  at  the  outlet  of  Millnokett  Lake,  which 
drains  into  the  Penobscot  some  6  miles  below  North  Twin  dam.  At 
the  outlets  of  most  of  the  other  and  lesser  lakes  there  are  also  dams 
maintained  for  log-driving  purposes  by  individual  owners. 

WATER  POWERS. 

Below  North  Twin  dam  the  Penobscot  is  from  350  to  400  feet  wide, 
and  presents  very  rough  water  for  the  next  15  miles,  to  Med  way; 
while  at  Grand  Falls,  5  miles  below  North  Twin  dam,  there  is  an 
abrupt  pitch  of  12  feet  over  ledges.  From  Medway  to  Mattawamkeag 
the  water  is  relatively  smooth,  although  with  a  swift  current. 

A  short  distance  below  the  mouth  of  the  Mattawamkeag,  the  Penob- 
scot, there  about  500  feet  wide,  is  crossed  by  the  Canadian  Pacific  Rail- 
way; but  there  is  neither  bridge  nor  dam  elsewhere  upon  its  course 
below  Twin  Lakes  until  the  immediate  vicinity  of  the  mouth  of  the 
Piscataquis  is  reached.  In  the  stretch  from  the  Mattawamkeag  to 
the  Piscataquis  the  river  has  a  good  current,  with  rapids  at  what  are 
known  as  Five  Island  Kips,  opposite  the  village  of  Winn,  and  the  upper 
and  lower  Mohawk  Rips,  opposite  South  Lincoln.  At  Winn  the  rapids 
are  heavy;  the  river  bed  is  composed  of  ledge,  which  here  and  there 
rises  above  the  water  surface;  the  banks  are  of  good  height,  and  the 
site  appears  to  be  an  important  one  for  the  development  of  power. 
At  the  lower  Mohawk  Rips  the  river  is  probably  800  or  1,000  feet  wide, 
the  bed  partly  of  leilge  and  strewn  with  bowlders,  the  banks  gravelly 
and  of  fair  height,  but  the  site  appears  of  much  less  consequence  than 
that  at  Winn. 

Between  the  towns  of  Enfield  and  Howland,  and  a  quarter  of  a  mile 
or  more  above  the  mouth  of  the  Piscataquis,  is  the  uppermost  devel- 
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oped  water  power  on  Penobscot  River — that  of  the  Piscataqnis  Palls 
Pulp  and  Paper  Company,  whose  mill  has  a  capacity  for  mannfa(;tnring 
40  tors  per  day  of  mechanical  wood  pulp.  This  privilege  was  devel- 
oped six  or  eight  j'ears  ago,  and  substantially  the  same  company  that 
owns  it  also  has  a  mill  at  Great  Works,  below  Oldtown.  The  dam,  like 
almost  all  the  dams  on  the  rivers  of  Maine,  is  a  log  cribwork,  and  is 
packed  with  stone.  Its  length  is  about  1,000  feet,  and,  as  is  necessary 
upon  a  river  so  largely  utilized  for  log  driving,  a  sluiceway  for  logs  is 
provided  in  the  central  part  of  the  structure.  The  hydraulic  canal 
follows  the  east  bank  for  1,000  feet,  more  or  less,  to  the  mill,  taking  the 
course  of  au  old  navigation  canal  by  which  steamboats  formerly  passed 
the  falls.  At  the  mill  a  head  of  20  feet  is  obtained  for  the  turbines,  of 
which  2,500  horsepower  are  installed;  there  is  no  lack  of  water,  except 
occasionally  to  a  slight  degree  in  the  latter  part  of  August  or  early  in 
September. 

Below  the  Piscataquis  no  dams  are  encountered  before  l  eaching  Old- 
town,  but  there  are  occasioiuxl  rapids  offering  possible  sites  for  the 
development  of  [)Ower.  Where  confined  within  a  single  channel  the 
river  appears  generally  to  be  nearly  or  quite  1,000  feet  in  width,  but  it 
is  frequently  divided  into  several  channels  by  islands.  The  Passa- 
dumkeag  Rips  are  close  to  the  mouth  of  the  river  of  the  same  name. 
Here  the  banks  are  of  good  height  and  there  is  considerable  exposed 
ledge  in  the  east  bank  and  on  the  river  bed,  but  it  is  questionable 
whether  a  dam  of  suitable  height  could  be  built  without  causing  a  set- 
back upon  the  privileges  on  the  main  river  and  the  Piscataquis  at 
Howland.  A  more  promising  site  is  that  at  Birch  Island  Rips,  perhaps 
2  or  3  miles  below  the  mouth  of  Olamon  Stream.  These  rips  are  short 
but  strong,  and  the  river  is  divided  by  a  rocky  island. 

Above  and  in  the  vicinity  of  Oldtown,  as  has  elsewhere  been  noticed, 
the  Penobscot  is  divided  by  many  islands,  differing  greatly  in  size; 
the  channels  between  them  are  variously  controlled  and  utilized  in  the 
operations  of  sorting,  storing,  and  driving  logs.  Opposite  Oldtown 
the  waters  become  confined  to  substantially  two  channels,  the  main 
Penobscot  River  and  the  Stillwater  P>ranch,  between  which  the  flow  in 
low  stages  appears,  from  measurements  made  ten  or  twelve  years  ago 
by  Prof.  George  II.  Hamlin,  to  be  divided  in  the  ratio  of  from  .")  to  8 
parts  in  the  former  to  1  part  m  the  latter,  and  on  which  the  water- 
power  improvements  at  Oldtown  and  Orono  are  situated. 

On  the  main  river  the  upi)er  privilege  at  Oldtown  is  owned  by  the 
Bodwell  Water  Power  Conijjany,  which  leases  power  to  the  i)resent 
users.  The  dam  is  a  log  cribwork  from  the  left  bank  to  an  exposed 
ledge  in  the  center  of  the  stream,  and  thence  to  the  right  bank  is  built 
of  squared  timbers,  the  si)aces  filled  in  with  stone.  The  influence  of 
this  dam  extends  upstream  a  mile  or  more,  and  is  there  terminated  by 
short  but  heavy  rips  in  the  channels  into  which  the  river  is  subdivided. 
On  the  left  bank  the  fall  available  at  the  mills  is  stated  as  1.1  feet,  and 
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power  is  used  by  the  sawmills  of  P>.  B.  Thatcher  «&  Co.,  and  the  Jordan 
Lumber  Company,  tojiether  manufacturing  from  20,000,000  to  25,000,000 
feet  of  lumber  during  the  season,  and  by  the  Oldtown  Electric  Light 
Company,  using  upward  of  100  horsepower.  On  the  right  bank  water 
is  admitted  through  a  substantially  constructed  bulkhead  to  a  canal 
40  or  50  feet  wide,  inclosed  by  a  heavy  wall  on  the  river  side  and  carried 
downstream  as  far  as  required  for  the  present  works.  The  head  obtained 
on  the  turbines  is  1 1  feet,  and  power  is  utilized  by  the  Oldtown  Woolen 
Company,  which  has  an  8-set  mill,  and  by  the  Public  Works  Company, 
of  Bangor,  for  operating  jjumps  for  the  public  water  supply,  the  delivery 
being  about  600,000  gallons  per  day. 

The  next  privilege  below,  on  the  main  river,  is  that  at  Great  Works, 
owned  by  the  Penobscot  Chemical  Fiber  Company,  which  manufactures 
about  25  tons  of  wood  pulp  per  day.  The  fall  amounts  to  14  feet,  and 
the  above  company  operates  1,040  horsepower  of  turbines  on  the  west 
bank  and  occasionally  a  single  wheel  of  140  horsepower  on  the  east 
bank.  Power  is  also  leased  to  Messrs.  Mullen  &  Engels  for  a  saw- 
mill having  a  capacity  for  manufacturing  20,000,000  feet  of  lumber 
during  the  season. 

On  the  Stillwater  Branch  are  three  dams.  The  uppermost  of  these  is 
at  the  village  of  Stillwater  (Ward  5,  Oldtown),  where  a  fall  of  IS  feet  is 
obtained.  The  entire  privilege  is  owned  by  Mrs.  W.  B.  Hayford,  of 
Bangor,  from  whom  power  is  rented  by  Messrs.  Pierce  &  Sutton  for 
operating  a  sawmill  containing  two  gang  saws,  a  single  saw,  and  vari- 
ous machines  for  the  manufacture  of  shingles,  clapboards,  laths,  etc., 
the  capacity  of  the  mill  being  about  10,000,000  feet  of  manufactured 
lumber  per  seasou. 

The  second  and  third  dams  are  close  together,  and  but  little  above 
the  confluence  of  the  Stillwater  with  the  main  river.  They  lie  in  the 
town  of  Orono,  between  Orouo  village  on  the  west  bank  and  what  is 
locally  known  as  Webster  on  the  east  bank.  The  principal  use  of 
power  is  in  the  pulp  mill  of  the  Webster  and  Ring  Pulp  Company, 
which  combines  the  fall  past  both  dams  into  a  single  fall,  amounting 
to  20  or  27  feet,  and  has  3,000  horsepower  of  turbines  installed.  In 
the  low  stages  of  late  summer  flow  not  more  than  half  this  amount  of 
power  is  obtained.  The  pulp  is  manufactured  into  paper  on  the  oppo- 
site or  Webster  bank  by  the  Webster  Paper  Company,  whose  daily 
pi'oduct  is  about  25  tons  of  news  paper.  This  company  uses  the  lower 
fall  only,  and  has  300  horsepower  of  turbines.  Power  is  further  utilized 
at  these  dams  for  the  sawmills  of  William  Engels  &  Co.,  and  Adams 
&  Co.,  together  manufacturing  from  12,000,000  to  20,000,000  feet  of 
lumber  annually,  and  at  Mansfield  &  Co.'s  shop  for  the  manufacture  of 
cant-dogs. 

Passing  below  the  junction  of  the  Stillwater  Branch  with  the  main 
Penobscot,  the  first  privilege  is  that  at  the  point  locally  known  as 
Basin  Mills,  in  the  town  of  Orono.    Here  a  long  log  dam  across  the 
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principal  channel  diverts  water  through  a  small  channel  formed  by  an 
island  to  the  sawmills  of  James  Walker  »&  Co.,  the  continuation  of  the 
channel  serving  as  tailrace,  and  the  conditions  thus  being  peculiarly 
favorable  for  the  safe  and  convenient  utilization  of  the  river.  The  head 
obtained  is  10  feet,  and  there  is  manufactured  about  13,000,000  feet  of 
lumber  per  season. 

The  next  dam  is  3  or  4  miles  farther  downstream,  at  Yeazie,  about  5 
miles  above  Bangor.  Here  the  power  was  originally  utilized  by  saw- 
mills, which  have  now  been  discontinued  and  succeeded  by  the  exten- 
sive electric  plant  ot  the  Public  Works  Company,  of  Bangor.  The 
working  head  obtained  on  the  turbines  ranges  from  7  toll  feet,  accord- 
ing to  the  stage  of  river  in  ditterent  seasons.  Under  the  larger  head 
the  wheels  at  present  installed  furnish,  in  the  aggregate,  1,(550  horse- 
power, of  which  1,500  horsepower  is  used  for  generators  and  150  horse- 
power for  pumps  furnishing  the  water  supply  of  Veazie  and  Brewer. 
There  is  a  steam  plant  of  equal  capacity  with  the  turbines,  for  use  in 
case  of  need,  and  some  steam  power  is  found  necessary  at  times  in 
summer.  The  electricity  developed  at  this  station  is  utilized  for  street 
lighting  at  Brewer,  lying  across  the  Penobscot  fiom  J>angor;  for  pri- 
vate incandescent  and  arc  lighting  in  Bangor,  and  for  operating  the 
city  electric-car  lines  in  Bangor,  as  well  as  the  suburban  lines  running 
northward  to  Oldtown  and  southward  to  Winterport.  In  the  summer 
of  181)7  additional  turbines  were  being  installed  for  local  electric  light- 
ing in  Yeazie. 

The  final  water  privilege  on  the  Penobscot  is  a  mile  or  more  above 
the  business  portion  of  Bangor,  and  is  utilized  for  the  numicipal  water 
supply  and  electric;  lighting  plant  of  that  city.  There  is  considerable 
oscillation  below  the  dam,  due  to  the  tide,  and  the  head  on  the  turbines 
ranges  from  4  to  8  or  9  feet,  a(-cording  to  stage  of  river  and  of  tide. 
There  are  at  present  five  turbines  in  use,  rated  at  125  horsepower  each 
under  an  8-foot  head.  One  of  these  is  used  continuously  for  operating 
the  mechanical  filter  i)lant;  four  are  needed  during  the  day  for  the 
general  demands  of  pumping,  while  at  night  two  are  devoted  to  the 
street  lighting  of  Bangor.  Considerable  improvements  and  enlarge- 
ments of  the  plant  are  in  progress. 

While  the  figures  at  hand  for  the  volume  of  the  lower  river  are  few, 
and  those  for  the  fall  are  neither  definite  nor  probably  very  accurate, 
the  latter  seem  to  give  a  fall  from  the  head  of  the  Stillwater  Branch 
above  Oldtown  to  mean  tide  at  Bangor  of  from  80  to  85  feet.  Combin- 
ing with  this  fall  the  figures  elsewhere  given  for  fiow,  it  appears  that 
the  power  of  this  ])orti()n  of  tiie  river  is  eiiuivalent  in  ])ractically  its 
lowest  stages  to  from  18,000  to  20.000  net  liorsei)o\ver,  with  continuous 
use  for  the  twenty  four  hours.  Although  the  actual  power  now  cm- 
ployed  can  not  be  stated,  it  is  evident  that  the  full  jiower  of  the  river 
is  far  from  being  utilized.  Of  the  HO  feet  or  thereabouts  of  fall  above 
mentioned,  only  about  5(J  leet  is  eml)raced  in  the  falls  at  the  dams 
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on  the  main  river,  the  balance  being  represented  mainly  at  the  scat- 
tered rips  between  the  head  and  the  foot  of  Stillwater  Branch.  Whether 
a  portion  of  this  balance  could  be  utilized  to  advantage  in  an  independ- 
ent privilege,  or  to  what  extent  it  could  be  incorporated  in  existing 
privileges,  can  only  be  determined  by  further  investigation. 

TRIBUTARIES  OF  PENOBSCOT  RIVER. 

Ascending  the  Penobscot,  the  larger  tributaries  in  point  of  drainage 
area  are,  in  order:  the  Passadumkeag,  400  square  miles;  the  Piscata- 
quis, 1,500  square  miles;  the  Mattawamkeag,  1,530  square  miles;  and 
the  East  Branch  of  the  Penobscot,  1,170  square  miles. 

PASSADUMKEAa  RIVER. 

The  Passadumkeag,  which  enters  the  main  river  from  the  east  about 
30  miles  above  Bangor,  though  small,  is  fed  by  a  number  of  lakes 
which  offer  facilities  for  storage,  and  is  itself  reported  to  have  consider- 
able concentrated  fall.    Its  present  utihzation  for  power  is  slight. 

PISCATAQUIS  RIVER. 

The  Piscataquis  discharges  from  the  west  4  miles  above  the  Passa- 
dumkeag. This  stream  has  the  advantages  of  being  followed  by  a 
railroad  through  a  large  part  of  its  course,  of  receiving  the  discharge 
from  several  lakes  of  important  size  (the  aggregate  lake  surface  for  the 
basin  being  between  80  and  90  square  miles),  and  of  possessing  con- 
siderable fall,  amounting  to  about  140  feet  in  the  20  miles  below  the 
mouth  of  the  Sebec,  at  which  latter  point  the  drainage  area  is  750 
square  miles.  Undoubtedly  the  largest  single  power  in  use  on  the 
stream  is  that  close  to  the  mouth,  where  the  works  of  the  Howland 
Falls  Pulp  Company  are  situated,  with  turbines  developing  800  horse- 
power on  the  fall  of  15  feet.  Power  is  in  use  at  Dover,  some  32  miles 
above  the  mouth,  at  Guilford,  6  or  8  miles  above  Dover,  and  possibly 
at  some  other  points;  at  the  places  mentioned  the  drainage  area  is 
considerably  less  than  400  square  miles.  The  lake  storage  above  them 
is  not  large,  and  the  powers  are  not,  therefore,  of  great  imiiortance. 
Not  lar  above  this  section  the  valley  of  the  stream  becomes  narrow, 
and  its  course  lies  through  a  broken,  mountainous  country,  as  the 
divide  about  Moosehead  Lake  is  approached.  On  the  whole,  perhaps 
the  most  important  present  use  of  the  stream  is  for  log  driving,  but  by 
proper  control  of  the  tributary  lakes  its  value  for  water  power  can  be 
greatly  enhanced. 

MATTAWAMKEAG  RIVER. 

The  Mattawamkeag,  which  joins  the  Penobscot  from  the  east  60 
miles  above  Bangor,  is  followed  through  its  lower  course  by  the  Maine 
Central  Eailroad,  and  from  Bancroft  to  the  mouth — a  distance,  by  river, 
of  23  miles — falls  145  feet,  from  322  to  about  177  feet  above  mean  tide. 
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The  river  draius  one  large  lake,  Baskaliegan,  preseuting  about  18 
square  miles  of  surface,  and  a  number  of  small  ones;  but  it  is  utilized 
for  i)owcr  by  a  few  small  mills  only,  and  its  most  important  employ- 
ment at  present  is  for  log  driving. 

EAST  BRANCH,  OR  MATTAGAMON  RIVER. 

The  East  Branch,  or  Mattaganion  River,  rises  from  20  to  30  miles  to  the 
north  of  Mount  Katalidin,  and  joins  the  Penobscot  12  miles  above  the 
Mattawamkeag.  In  the  30  miles  from  Mattagamon  Lake,  which  is 
about  850  feet  above  tide,  there  is  a  fall  of  about  550  feet  to  tlie  Bangor 
and  xVroostook  Railroad  crossing,  some  10  miles  from  the  mouth,  where 
the  water  surface  is  300  feet  above  tide,  according  to  railroad  surveys; 
but  the  stream  lies  in  an  unsettled  region,  is  touched  by  railroad  at 
but  one  point,  and  is  not  now  utilized  for  power. 

KENNEBEC  RIVER. 

Moosehead  Lake,  the  largest  in  !N^ew  England,  having  a  Avater  sur- 
face of  120  square  miles  and  lying  somewhat  west  of  the  center  of  the 
State  of  Maine,  is  the  immediate  source  of  the  Kennebec  River.  This 
lake  is  in  turn  fed  by  Moose  River,  the  remote  sources  of  which  are 
on  the  western  border  of  the  State,  and  by  sundry  minor  streams. 
The  northern  extremity  of  the  lake  is  within  2  or  3  miles  of  the  main 
branch  of  Penobscot  River,  as  has  already  been  noticed  in  describing 
the  latter  stream.  Including  the  surface  of  the  lake  itself,  the  area 
tributary  at  its  outlet  is  about  1,250  square  miles.  From  Moosehead 
Lake,  which  is  approximately  1,050  feet  above  sea  level,  the  Kennebee 
pursues  a  southerly  course  to  the  ocean,  passing  over  a  distance  of 
about  140  miles  and  finally  discharging  into  Merrymeeting  Bay,  35 
miles  northeast  of  Portland.  The  river  is  navigable  during  two-thirds 
of  the  year  from  the  mouth  to  Augusta,  26  miles;  it  is  also  closely 
followed  by  railroad  throughout  its  course  until  within  45  miles  of 
Moosehead  Lake,  and  close  to  the  lake  is  also  crossed  by  the  east  and 
west  line  of  the  Canadian  Pacific  Railway. 

The  drainage  basin  measures  150  miles  in  length  north  and  south, 
and  is  from  50  to  80  miles  wide  in  the  main  portion,  embracing  a  total 
area  of  about  0,330  square  miles.  Tlie  ui)per  basin  is  still  heavily 
timbered,  and  though  less  elevated  than  that  of  the  Androscoggin  to 
the  west,  is  mountainous  in  character,  and  includes  various  isolated 
])eaks,  which  are  among  the  highest  in  the  State.  The  head  waters  of 
the  tributaries  in  the  northwest,  such  as  Sandy,  Dead,  and  Moose  rivers, 
lie  at  elevations  of  from  1,800  to  3,000  feet  above  tide.  Granite  is 
easily  obtained  throughout  the  basin,  with  clay  slate  as  the  prevailing 
rock  in  the  north.  In  tlie  mountainous  portions  tlie  soil  is  sandy  and 
gravelly,  succeeded  by  a  greater  proportion  of  loam  and  clay  to  the 
southward. 

19  GEOL,  PT  4  5 
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Drainage  areas,  Kennebec  Biver  and  principal  tributaries. 
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a  Measured  on  Coltou  s  map  of  Maine,  scale  about  8J  miles  to  the  inch. 

Canadian  Pacific  Rwy.  levels  (high  water,  1,038.6;  low  water,  1,033.6). 
c  Ad.ju.sted  for  water  surface  above  dam  and  for  mean  tide  from  profile  elevation  of  Somerset  Rwy. 
d  Adjusted  for  water  surface  from  elevation  of  track,  87  feet  above  mean  tide. 
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TRIBUTARY  LAKES. 

Moosehead  Lake  constitutes  a  reservoir  of  magnificent  proportions. 
Furthermore,  its  elevation  is  such  that  the  fall  theiice  to  tide  water  is 
exceeded,  for  a  like  distance  from  tide,  by  that  of  the  Androscoggin 
only  among  the  large  rivers  of  the  State.  Although  there  appears  to 
be  no  other  lake  in  the  Kennebec  Basin  exceeding  10  square  miles  in 
area,  there  are  many  of  less  size,  giving  an  aggregate  Avater  surface  of 
nearly  3G0  sc^uare  miles,  according-  to  Wells,'  distributed  as  follows: 


Tributary  to—  Square  milea. 

Messalouskee  River   27. 45 

Sand  J- River   10.10 

Carrabassett  River   10.20 

Dead  River     24.75 

Moose  River   31.60 

Sebastieook  River   48.  30 

Wesserunsett  River   5.35 

Kennebec  River  (Moosehead  Lake)   120.00 

Kennebec  River  (at  sundry  i)oiut8  above  Augusta)   ."^S.  25 

Kennebec  River  (below  Augusta)   25. 85 


Total   356.  85 


In  spite  of  the  excellent  natural  facilities  for  storage  otfered  by  this 
basin,  it  is  important  to  notice  lhat  these  have  been  but  imperfectly 
develojied,  and  that  the  storage  already  controlled  is  not  employed  in 
the  manner  most  favorable  to  water-power  interests.  There  is  a  natu- 
ral conflict  in  this  matter.  For  the  purposes  of  log  driving  it  is  desirable 
to  open  the  gates  at  the  lakes  in  the  spring  and  early  summer,  when 
the  normal  flow  of  the  stream  is  already  large,  so  as  to  flush  the  logs 
down  to  the  mills;  while  the  ecouomi(;al  use  of  stored  water  for  power 
requires  it  to  be  held  back  in  the  lakes  until  midsummer  and  gradually 
drawn  down  from  that  time  through  the  fall  and  winter.  An  associa- 
tion of  the  manufacturers  upon  the  river  has  been  formed  and  char- 
tered under  the  name  of  the  Kennebec  Power  Company,  with  a  view 
to  the  systematic  development  and  control  of  the  storage  of  this  basin, 
but  no  important  results  have  yet  been  attained. 

Moosehead  Lake  '  fills  during  the  winter  and  spring,  especially  with 
the  melting  of  the  snow,  the  last  of  which  is  usually  wasted  and  forms 
part  of  the  freshet  flow.  Between  about  the  20th  of  May  and  the  1st 
of  June,  Avhenever  the  logs  arrive  in  sufficient  numbers  at  the  lake  dam, 
usually  about  ten  days  after  the  ice  leaves  the  lake,  the  outlet  gates 
are  oi)ened  and  from  that  time  water  is  steadily  drawn.  During  June 
the  draft  is  from  3,000  to  0,000  cubic  feet  per  second,  after  which  it 
decreases,  and  by  the  middle  of  autumn  or  sometimes  earlier  the 
available  storage  is  i)ractically  exhausted. 

'  Water- Power  of  Maine,  p.  94. 

'  For  information  concerning  Mooscbeail  Lake  I  am  especially  indebted  to  Mr.  Sumner  Hollings- 
wortli.  ot  Boston. 
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In  fig.  9  is  shown  graphically  the  discharge  from  the  lake  for  a 
period  of  eleven  months,  April  1,  1895,  to  February  28,  1896,  corrected 
for  estimated  leakage.  This  diagram  clearly  reveals  the  excessive 
draft  upon  the  lake  from  the  middle  of  May  to  the  middle  of  July 
incident  to  log  driving.  The  amount  drawn  in  excess  of  2,000  cubic 
feet  per  second,  from  May  18  to  July  9,  1895,  if  it  had  been  held  back 
and  suitably  delivered  after  the  latter  date,  would  have  maintained  the 
run-off  at  2,000  cubic  feet  per  second  until  December.  The  storage  in 
the  lake  is  controlled  by  the  Kennebec  Log  Driving  Company.  The 
dams  at  the  two  outlets,  known,  respectively,  as  the  east  and  the  west 
outlet,  are  of  log  cribwork  filled  with  stone  and  buttressed  by  heavy 
piers  of  similar  construction.  The  spaces  between  the  piers  are  con- 
trolled by  36  gates  at  the  east  outlet  (PI.  XII,  B)  and  5  gates  at  the 
west  outlet,  while  one  space  in  the  former,  used  as  a  log  sluice,  is  closed 
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riG.  9.— Flow  from  east-outlet  dam,  Moosehead  Lake,  April  1,  1895,  to  February  28,  1896. 

by  logs  which  are  cut  away  when  the  work  of  sluicing  begins.  Nomi- 
nally, the  lake  has  been  raised  7i  feet  by  the  dams  above  the  original  low- 
water  level,  but  it  can  not  now  be  drawn  much  lower  than  within  a  foot 
of  that  level,  and  the  actual  yearly  range  between  high  and  low  water 
is  from  5J  to  6  feet.  The  tributary  drainage  is  not  entirely  controlled, 
and  a  large  wastage  past  the  dams  occurs  nearly  every  j^ear.  It  is 
probably  practicable  to  increase  the  available  storage  by  cutting  down 
the  outlet  and  raising  the  dams,  but  whether  the  necessary  outlay 
would  be  warranted  can  not  now  be  stated. 


THE  RIVER  BELOW  MOOSEHEAD  LAKE. 

Excepting  by  a  little  sawmill  at  the  outlet  dam,  the  Kennebec  is  not 
utilized  for  power  for  50  miles.  For  nearly  all  of  this  distance  it  is  with- 
out railroad  facilities  and  runs  through  a  wilderness.    Its  fall  is  rapid, 
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however,  amonntin^;  to  more  tlian  700  feet  in  the  distance  mentioned — 
that  is,  from  the  lake  to  Carritunk  Falls.  According  to  Wells,  500  feet 
more  or  less  of  this  occurs  in  the  23  miles  from  the  lake  to  The  Forks, 
where  Dead  lliver  is  received.  For  a  considerable  part  of  that  distance 
the  river  is  described  as  running  between  steep,  rocky  walls  from  20  to 
50  feet  high,  and  as  a  torrent  in  character.  At  the  Canadian  Pacific 
Railway  crossing,  less  than  a  quarter  of  a  mile  from  the  outlet  dam,  the 
Kennebec  is  about  300  feet  wide,  with  a  swift  current.  In  the  4  miles 
from  the  lake  to  an  enlargement  of  the  river  known  as  Indian  Pond,  I 
am  informed  that  railway  surveys  have  shown  a  fall  of  93  feet.  At 
Indian  Pond,  which  is  4  or  5  miles  long,  the  stream  from  the  west  out- 
let of  Moosehead  Lake  joins  the  main  river.  Below  the  pond  the  river 
is  described  as  having  a  continuous  heavy  fall  for  7  miles.  The  drain- 
age area  increases  from  1,250  square  miles  at  the  outlet  of  Moosehead 
Lake  to  2,570  below  the  mouth  of  Dead  River  and  to  2,900  at  Carritunk 
Falls.  There  is  evidently  a  large  power  in  this  stretch  of  river  avail- 
able for  future  development. 

In  the  succeeding  11  miles  from  Carritunk  Falls  to  Madison,  between 
the  crossings  of  the  Somerset  Railway  above  the  respective  dams,  the 
fall  is  about  70  feet,  and  in  the  next  8  miles  to  Norridgewock  it  is  about 
100  feet.  Thence  to  tide  water  at  Augusta  the  average  descent  becomes 
much  less,  the  fall  amounting  to  147  feet  in  41  miles,  or  about  3.^  feet 
per  mile. 

The  uppermost  utilized  power  on  the  Kennebec  is  that  at  Carritunk 
Falls,  some  GO  miles  above  Augusta.  Including  this,  there  are  at  pres- 
ent seven  deveh)pe(l  water  ])owers  on  the  river,  utilizing  a  probable 
aggregate  of  24,000  effective  horsepower,  and  covering  about  142  feet 
of  the  314  feet  actual  fall  of  the  river. 

The  water  power  at  Carritunk  Falls  has  been  developed  by  the 
Moosehead  Pulj)  and  Paper  Company,  which  has  about  3,500  horse- 
power of  turbines  installed.  The  conditions  there  have  been  con- 
cisely described  in  a  paper  presented  by  Samuel  McKlroy  before  the 
American  Society  of  Mechanical  Fngineers  (see  Transactions,  Vol. 
XVII).  There  is  a  natural  cascade  at  this  point,  with  a  pitch  of  28 
feet  through  a  narrow  gorge,  above  and  below  whi(;h  the  river  widens 
out.  The  dam  was  built  in  the  winter  of  1890-91  and  makes  the 
available  fall  30  feet. 

Passing  downstream  the  next  dam  is  at  Madison,  where  about  2,500 
horsepower  is  utilized  under  a  fall  of  16  feet  by  the  sulphite  fiber  mill 
of  the  Manufacturing  Investment  Company,  the  mills  of  the  Indian 
Spring  Woolen  Company,  and  the  Madison  Woolen  Company,  an<l  the 
pumping  station  of  the  Madison  Water  Conq)any.  There  is  a  natural 
fail  of  about  80  feet  in  pitches  and  rapids  in  the  river  at  this  point,  so 
that  only  a  small  portion  of  the  available  power  is  employed.  From 
the  figures  for  flow  at  Waterville,  elsewhere  given,  it  ai)i)ears  fair  to 
estimate  the  power  of  the  river  at  Madison  in  practically  tlie  minimum 
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stage  for  a  series  of  years,  as  75  net  horsepower  per  foot  of  fall,  avail- 
able continuously  throughout  the  twenty-four  hours. 

At  Norridgewock,  some  3  miles  above  the  Somerset  Railway  bridge, 
there  is  a  natural  fall  of  8  feet  in  the  Bombazee  Rips,  and  with  a  dam 
a  fall  of  12  feet  is  considered  practicable.  The  privilege  is  owned  by 
the  Bombazee  Water  Power  Company,  but  has  not  been  improved. 

The  next  dam  is  at  Skowhegan,  where  the  power  is  controlled  by  the 
Skowhegan  Water  Power  Company.  The  average  fall  at  this  point  is 
17  feet,  and  28  water  wheels  of  an  aggregate  of  5,100  horsepower  are 
in  use  by  the  various  works.  Of  this  amount  2,900  horsepower  is 
employed  in  pulp  manufacture,  750  horsepower  exclusively  for  electric 
lighting  and  i)ower,  and  the  balance  by  grist,  saw,  planing,  and  woolen 
mills,  and  sash-and-blind  and  scythe  factories,  some  of  the  turbines 
operating  factories  by  day  and  electric  lights  by  night. 

At  Somerset  Mills,  in  the  town  of  Fairfield,  a  fall  of  12  feet  has  been 
used  by  a  sawmill,  but,  as  elsewhere  stated,  the  dam  was  carried  away 
early  in  1890  by  a  freshet  and  had  not  been  rebuilt  when  the  site  was 
visited. 

Kendalls  Mills,  also  in  the  town  of  Fairfield,  furnishes  the  next 
instance  of  utilized  power.  Here  a  fall  of  22  feet,  controlled  by  the 
Kendalls  Mills  Power  Company,  is  employed  to  the  extent  of  about  1,000 
horsepower,  nearly  one-half  of  this  being  used  by  an  electric-light 
plant,  in  addition  to  which  there  is  a  furniture  factory,  a  pulp  mill,  a 
sawmill,  and  a  recently  constructed  woolen  mill. 

At  Waterville  and  Winslow  is  encountered  the  largest  development 
of  power  upon  the  Kennebec.  The  upper  privilege,  owned  by  the  Hol^ 
lingsworth  &  Whitney  Company,  paper  manufacturers,  occupies  the  site 
of  what  were  formerly  known  as  the  College  Rapids,  and  embraces 
a  fall  of  20  feet,  upon  which  are  operated  42  turbines,  of  an  aggregate 
of  5,260  horsepower.  The  lower  privilege,  at  Ticonic  Falls,  is  owned 
by  the  Lockwood  Company,  at  -whose  cotton  mills  about  2,100  horse- 
power is  used.  A  dam  750  feet  long  raises  the  river  surface  7  feet,  and 
a  further  natural  fall  of  13  feet  over  a  slate  ledge  gives  a  total  head  of 
about  20  feet. 

At  the  head  of  tide  water  at  Augusta  the  last  dam  on  the  river  is 
reached,  a  cribwork  structure  17  feet  high  and  950  feet  long,  ponding 
the  water  some  17  miles  upstream  to  Waterville.  On  the  west  bank 
the  Edwards  Manufacturing  Company  uses  about  2,500  horsepower 
in  its  cotton  mills,  shown  in  PI.  XIII,  A,  while  on  the  east  bank  1,500 
horsepower  is  employed  by  the  Cushnoc  Fibre  Company  and  the  Ken- 
nebec Light  and  Heat  Company,  the  latter  furnishing  the  municipal 
lighting  for  Augusta,  and  other  lighting  in  that  city.  Hallowell,  Gardi- 
ner, and  Togus.    The  fall  is  affected  a  foot  or  so  by  the  tide. 
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RECORD  OF  DISCHARGE. 

The  only  long-continued  observations  ui)on  the  volume  of  the  Ken- 
nebec are  those  which  have  been  made  at  Waterville  by  the  ITolliiigs- 
■worth  «S:  Whitney  Comi)aiiy,  and  the  results  of  which  were  kindly 
furnislied  by  ^Ir,  Sumner  IJolliuiisworth,  president  of  the  company. 
The  manafacturing  works  are  located  above  the  mouth  of  Sebasticook 
Eiver,  the  tributary  drainage  area  of  the  Kennebec  being  about  4,410 
square  miles  as  measured  on  Oolton's  map  of  Maine.  Of  the  figures 
for  discharge  those  prior  to  June  20,  1803,  are  from  computations  by 
weir  formula  of  the  (|uantity  flowing  over  the  dam:  those  subsequent 
to  June  20,  1S'>3,  at  which  time  tiie  mill  began  running,  are  from  com- 
putations of  the  tiow  through  the  turbines,  based  upon  assumed  ratings, 
to  which  has  been  added  any  excess  passing  over  the  crest  of  the  dam, 


i'lo.  10.  — I'ain  at  Watt  rvillc,  Maiiio,  <iii  Kennebec  Jtiver. 


the  length  of  which  is  734  feet.  The  figures  really  represent  the  flow 
at  12  o'clock  noon  on  each  day,  this  hour  having  been  chosen,  after 
some  investigation,  as  a  time  when  the  flow  is  least  affected  by  storage 
at  dams  upstream  and  as  giving  most  nearly  the  av^erage  for  the  day. 

The  results  of  these  ob.servations  are  presented  in  figs.  11  and  12, 
and  the  lliictuations  in  flow  are  thus  graphically  shown.  An  insi)ection 
ol  these  diagrams  and  of  the  values  upon  which  they  are  based  will 
reveal  very  sudden  and  large  variations  in  volume  during  the  spring- 
months,  consistent  with  the  mountainous  character  of  the  ui)per  water- 
shed. Thus  the  discharge  increased  from  30,700  cubic  feet  i)er  second 
May  17,  18!)3.  to  83,500  cul)i(;  feet  ])er  S('(;ond  on  the  following  day,  and 
dropi)ed  to  40,100  on  the  next  day.    The  illustration,  lig.  10,  shows  the 
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Fig.  11.— Discharge  of  Kennebec  Eiver  at  Waterville,  Maine,  1893  and  1894. 


dam  of  the  HollingSAvorth  &  Whituey  Company,  over  700  feet  long, 
daring-  tbis  freshet,  with  about  9  feet  of  water  passing  over  its  crest. 
The  variations  of  discharge,  in  cubic  feet  per  second,  were  in  detail  as 
follows : 

Bate  of  discharge  of  Kennebec  Biver  at  Waterville,  Maine,  in  May,  1893. 

Cubic  feet 
per  second. 

May  17, 10.00  a.  in   30,  700 

6.30  p.  m   49,200 

May  18,  7.00  a.m   83,500 

8.40  a.  m   82,800 

9.15  a.m   81.900 

10.40  a.m   79,500 

11.40  a.m   79,  .500 

12.00  m   77,600 

1.00  p.  m   76,000 

3.00  p.  m   71,900 

5.00  p.  m   66,500 

May  19,  7.00  a.  m   49,300 

12.00  m   46,100 

May  20,  7.00  a.  m   37, 100 

Again,  in  Ai)ril,  1895,  the  discharge  rose  from  24,000  cubic  feet  per 
second  on  the  14th  to  about  86,000  cubic  feet  per  second  on  the  15th, 
or  to  more  than  three  and  one-half  times  its  previous  amount.  Through 
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the  spriuft'  and  early  surinner  miiuerons  minor  fluctuations  of  discharge 
are  also  produced  by  the  artificial  drawing  down  of  tlie  lakes  for  log 
driving.  The  small  lakes  are  thus  fre(iuen(ly  drawn  in  April,  while 
tlie  gates  at  .^looseliead  are  usually  opened  in  the  latter  i)art  of  May, 
as  previously  noticed.    Tlie  ligures  for  Sunday  flow,  where  given,  as  in 


Fig.  12.— Discliarge  of  Kennebec  Uivor  at  Watervillc,  Maine,  18!t.'>  and  1«'J6. 

September,  1804,  for  e.\anii)le,  show  plainly  the  marked  ellect  upon  the 
dry-weatiier  discharge  of  the  holding  ba<;k  of  water  at  the  various  dams 
above  W  atervillc. 

SUMMAlfY  OF  YIELD. 

In  the  succeeding  tables  the  figures  for  discharge  have  been  aver- 
aged and  analyzed  with  the  view  of  bringing  out  the  distinguishing 
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features  of  the  flow  by  calendar  inoutlis.  Tlie  column  for  ''maximum 
day"  shows  the  freshets  of  the  year  and  the  months  in  which  they  occur. 
From  the  column  for  "minimum  week,"  on  the  other  hand,  may  be 
learned  the  value  of  substantially  the  low-water  discharge  of  the  year, 
as  well  as  that  of  the  various  calendar  months.  The  "minimum  week," 
as  used  here,  is  the  period  of  seven  consecutive  days,  not  necessarily 
beginning-  with  Sunday,  giving  the  minimum  average  discharge,  and  is 
taken  in  preference  to  the  minimum  day  as  being  of  more  practical 
importance  than  the  latter,  inasmuch  as  it  avoids  the  extreme  and 
misleading  figures  resulting  from  the  holding  back  of  water  on  certain 
days  at  the  various  dams.  Other  columns  give  the  average  discharge 
for  the  respective  calendar  months  in  cubic  feet  per  second,  and  the 
equivalent  in  inches  on  drainage  area  (shown  graphically  in  fig.  13), 

and  in  cubic  feet  per  second  per  square 
mile  of  drainage  area.  Considering  the 
methods  employed  in  determiningthedis- 
charge  and  the  uncertainty  as  to  the  true 
size  of  the  drainage  area,  it  is  necessary 
to  admit  that  some  of  the  results  here  pre- 
sented are  subject  to  possible  errors  of  5 
or  even  10  per  cent,  the  greatest  accuracy 
probably  accompanying  the  low-stage 
figures.  As  to  low-water  discharge,  the 
important  fact  will  be  noticed  that  for 
the  four  years  1893  to  1896  the  average 
for  the  minimum  week  of  the  entire  pe- 
riod was  about  1,100  cubic  feet  per  sec- 
ond, equivalent  to  about  0.25  cubic  foot 
j)er  second  per  square  mile  of  tributary 
drainage  area.  Finally,  the  percentage 
relation  is  computed  between  yearly  run- 
off and  yearly  rainfall.  In  order  to  avoid 
the  errors  introduced  into  such  a  comparison  by  varying  amounts  of 
snow  lying  upon  the  surface  and  of  storage  held  in  the  lakes  on  Jan- 
uary 1,  which  would  otherwise  be  taken  as  the  beginning  of  the  yearly 
period,  October  1  has  been  chosen  as  the  beginning,  since  at  that  time 
there  is  no  snow  and  the  lakes  are  likely  to  be  uniformly  at  a  low  stage. 
Nevertheless,  the  percentage  results  obtained  must  be  regarded  as 
subject  to  considerable  possible  error,  because  of  the  uncertainty  as  to 
the  true  rainfall  to  charge  against  the  basin.  The  only  rainfall  station 
within  the  basin  at  which  regular  records  were  made  for  the  years  here 
considered  was  Fairfield,  at  the  extreme  southern  limit.  The  results 
obtained  by  the  volunteer  observer  at  this  station  are  reputed  to  be 
trustworthy,  but  can  scarcely  be  truly  representative  of  the  4,000 
square  miles  in  question  to  the  north  of  it.  The  figures  used,  however, 
indicate  for  the  three  years  from  October  i,  1893,  to  October  1, 1896,  an 
average  annual  run-oflf  of  nearly  60  per  cent  of  the  rainfall. 
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Fig.  13.— Average  monthly  discharge  of 
Kennebec  River  at  Waterville,  Maine, 
1893  to  1896,  inclusive. 
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Analysis  of  discharge  of  Kennebec  River  at  TVaterville,  by  calendar  months,  1893  to  1896. 

[Drainage  area,  4,410  square  miles.] 


Year  aud  month. 


1893. 

January  (12  to  31). 

February   

March  

April   

May  

June  

July  

August  

September  

October   

Novenibor  

December  


Year  . . . 

1894. 

January   

February   

March  

April  

May  

.June  

July  

Augn.st  

September  . . 

Octobf-r  

November  

December  


Year  ... 
1895. 

January   

February   

Marcli   

April   

May  

June  


day.  aver- 

OfT^k  fllf^ 

24  hours. 

Average  for 
miiiiinum 
■n-eek,  24 
hours  per 
day. 

A.vera.ff6  for 
month,  24 

day. 

Equivalent 

in  inches 
on  drainage 
area  for 
month. 

Equivalent 
in  cubic  feet 
])er  ftecond 
of  continu- 

S(injire  mile 
ol  (1  rainage 
area. 

Cubic  feet 
per  second. 

Cubic  feet 
per  second. 

Cubic  feet 
per  second. 
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2,140 
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0.  69 
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J  AAA 
4,  UW 

1    01 A 

1,  oil) 

O  OQA 
Z,  OoU 

A  C-t 

V.  bl 

A  CO 

0.  53 

Q  OOA 

o,  9o(J 

1  AOA 

1,  9oU 

O  OQA 

z,  zoU 

0.  Ob 

0.  51 

O  TOA 

Z,  7oU 

1,  440 

1,  580 

A  A-1 

0.  41 

0.  36 

83,500 

1,  440 

a  7, 280 

21.33 

1.65 



1,  910 

1, 550 

1,640 

0. 43 



0.  37 

1  010 

1  780 

0  19 

0  JO 

6,  660 

1, 810 

4,020 

1.05 

0.  91 

OOA 

1  CXA 

4,  bOU 

1  COA 

14,  boU 

o.  71 

3.  66 

15,  DoU 

C   HA  A 

b,  /4U 

y,  OiV 

O  KA 

2. 17 

1  ')  OOA 

u,  04U 

1,  ivV 

1  A'? 

1.  yy 

1.  77 

1  A  AOA 

JU,  UzU 

Q  CXA 

o,  boU 

K  TOA 

0,  7zU 

-1  ""A 

1.  oO 

1.  30 

o  OAA 

o,  oUU 

o  r^OA 

Z,  S)6yj 

O  OTA 

z,  y/u 

0.  78 

0. 67 

12, 100 

1, 960 

2,  740 

0. 69 

0. 62 

9, 040 

1,870 

3,  750 

0.98 

0.85 

10,510 

2,  260 

3,  760 

0. 95 

0. 85 

2,600 

1, 480 

1,  930 

0. 50 

0. 44 

35,  280 

1,480 

c4, 930 

15.48 

1.12 

2,  510 

1,590 

2, 040 

0. 53 

0.46 

2,440 

1,580 

1,800 

0. 43 

0.41 

2,  770 

1,810 

2,000 

0.52 

0.45 

86, 200 

4,  650 

23, 930 

6.05 

5.43 

16, 170 

6,800 

9,  580 

2.50 

2. 17 

9, 820 

5,  350 

6, 430 

1.63 

I.  16 

a  Average  flow  for  year. 


t 
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Analysis  of  discharge  of  Kennebec  Birerat  WatervillCf  by  calendar  months,  18.93  to  1896- 

Coutinued. 


Year  and  month. 


1895, 

July  

Auf^usfc  

September  . . 

October   

November . . . 
December  . . . 

Year  . . 
1896 

January   

February  . . . 

March  

Ajiril   

May  

June  

July  

August  

September  . . 

October  

November . . . 
December  . . . 

Year  . . 


Maximum 
day,  aver- 
age for  the 
24  hours. 

Average  for 
minimum 
week,  24 
hours  per 
day. 

Average  for 
month,  24 
hours  per 
day. 

Equivalent 
in  inches 
on  drainage 
area  for 
month. 

Equivalent 
in  cubic  feet 
per  second 
of  continu- 
ous flow  per 
square  mile 
of  drainage 
area. 

Cubic  feet 
per  second. 

Cubic  feet 
per  second. 

Cubic  feet 
per  seco7id. 



5,040 

2,  630 

3, 520 

0.  92 

0.  80 

5,  090 

2,070 

2,  690 

0. 70 

0.61 

2,  870 

1, 160 

• 

1,  780 

0.  45 

0.40 

1,  590 

1, 120 

1,  250 

0.  33 

0. 28 

15,  900 

1,650 

5,  610 

1. 42 

1.27 

26,  670 

2, 230 

6,030 

1. 58 

1.37 

86,  200 

1, 120 

a  5, 610 

17. 06 

1.27 

21,  880 

2,390 

4,340 

1. 13 

0.98 

4,  630 

2. 360 

2,830 

0. 69 

0. 64 

111,  250 

5,  640 

13, 140 

3. 44 

2.98 

74,  470 

5,  510 

27,  400 

6. 93 

6.  21 

30, 880 

6, 240 

17,  060 

4.46 

3.87 

11,  000 

4,  680 

5,  520 

1.40 

1.25 

11,  680 

3,870 

5, 330 

1.39 

1.21 

4,  740 

2, 480 

3, 150 

0. 82 

0. 71 

7,  980 

2,  780 

3,410 

0. 86 

0. 77 

8, 960 

2,  300 

3,  660 

0. 96 

0.  83 

29,  860 

5, 420 

9, 120 

2.  31 

2.  07 

8,050 

1, 800 

2,  750 

0.72 

6.62 

111,  250 

1,  800 

a  8, 160 

25.11 

1.84 

a  Average  flow  for  year. 
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Discharge  of  Kennebec  Eiver  at  Waterville,  avei'aged  Ixj  calendar  months  for  entire  period, 

1893  to  1896. 


Equivalent  in 

Average  for 

Equivalent  in 
inches  on 

cubic  feet  ])er 
second  of  con- 

Month. 

month,  24 
hours  per  day. 

drainajre  area 
for  month. 

tinuous  llow 
per  square 

Rainfall. 

mile  of  drain- 

age area. 

Cubic  feet  per 

second. 

Inches. 

January  (<i)  

2,  670 

0. 69 

0. 60 

1.65 

Februarv   

2,  190 

0. 52 

0. 49 

1.77 

March   

5,  830 

1.52 

1.32 

2.64 

April  

19,  420 

4. 91 

4. 40 

1.91 

Mav  

16,  680 

4. 36 

3.78 

3. 14 

8,  760 

2. 22 

1.99 

1.96 

July  

5.  080 

1.33 

1.15 

2.  78 

August  

2, 770 

0. 72 

0.  62 

3.  20 

Sentember  

2,  490 

0.63 

0. 56 

3.04 

2,  750 

0. 72 

0.  62 

2.  72 

November  

5, 180 

1.31 

1.17 

2. 67 

December  

3,  070 

0.80 

0.70 

2. 28 

Year  

b6,  400 

19. 73 

1. 45 

29.  76 

a  First  11  days  in  1893  lacking.      b  Average  How  throughout  year. 


Summary  of  yield  of  Kennebec  Basin  at  Waterville,  1893  to  1896. 


Period. 

Run-off. 

Rainfall. (a) 

Ratio  of 
run-off  to 
rainfall. 

* 

Inches. 

Inches. 

Per  cent. 

October  1, 1893,  to  October  1, 1894   

14.6 

29.8 

49 

October  1, 1894,  to  October  1, 1895   

16.2 

25.7 

63 

October  1, 1895,  to  October  1, 1896  

24.5 

37.4 

65 

oFrom  records  for  Fairfield  only,  sitdated  near  extreme  southern  limit  of  drainage  area  here 
considered. 
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Monthly  discharge  of  Kennebec  Iliver  at  Waterville,  Maine,  for  the  year  1897.  (a) 


[Drainage  area,  4,410  square  miles.] 


Discharge  in  second-feet. 

Enn-oflF. 

Month. 

Total  in 

acre- 

Second- 

Maxi- 

Mini- 

feet 

Depth  in 

feet  per 

mum  day. 

mum  day. 

inches. 

square 

mile. 

1897. 

January   

18,  504 

1,  650 

3,  587 

220, 

556 

0.  94 

0.  82 

February  

6,225 

2,  302 

3,  705 

205, 

766 

0. 88 

0. 84 

March  

6,  345 

2,  007 

3,  970 

233, 

038 

0. 99 

0.  86 

April  

66,  907 

6,  334 

25,  385 

1, 510, 

513 

6.41 

5. 75 

May  

41,  284 

10, 818 

26,  942 

1,  656, 

599 

7.05 

6.11 

June  

18,  204 

7,  399 

12,  970 

771, 

769 

3. 28 

2.  95 

July  

55,  634 

5,  218 

13, 115 

806, 

410 

3.  44 

2. 98 

August  

13,  656 

4,  000 

7,  298 

448, 

737 

1.  90 

1.65 

September  

9,  689 

2, 801 

4,595 

273, 

422 

1.20 

1. 08 

October  

6,  323 

967 

2,635 

162, 

020 

0.69 

0. 60 

November  

13,  399 

1,  889 

5,702 

339, 

293 

1.44 

1. 29 

December  

14,  005 

2,  541 

5,331 

327, 

790 

1.39 

1.  21 

The  year  

66, 907 

967 

9,  588 

6,  955, 

913 

29.  61 

2.18 

a  Results  received  since  the  writing  of  the  above  report. 


TRIBUTARIES  OF  KENNEBEC  RIVER. 
MOOSE  RIVER. 

Moose  River,  drainage  area  660  square  miles,  the  principal  feeder  of 
Moosehead  Lake,  and  Dead  River,  drainage  area  1,000  square  miles, 
joining  the  Kennebec  from  the  west  23  miles  below  Moosehead  Lake, 
presumably  possess  considerable  power;  but  they  are  too  remote  from 
markets  to  have  much  present  importance.  The  former  is  followed  by 
the  Canadian  Pacific  Railway  for  most  of  its  course,  but  the  basiu  of 
Dead  River  is  not  directly  reached  by  rail. 

SANDY  RIVER. 

Sandy  River,  which  flows  into  the  Kennebec  from  the  west  between 
45  and  50  miles  above  Augusta,  heads  near  Raiigeley  Lake.  It  drains 
650  square  miles  and  has  a  rapid  fall,  amounting  to  more  than  1,600 
feet.  It  is  closely  followed  by  rail  throughout  its  upper  course,  and, 
although  small  powers  are  in  use  at  Farmington  Falls  and  New  Sharon, 
the  flow  of  the  stream  is  small  in  dry  weather  and  very  variable,  and 
the  river  can  not  be  regarded  as  of  especial  importance  at  present. 
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SEBASTICOOK  RIVER. 

Sebasticook  lliver,  with  a  drainage  area  of  1,060  square  miles,  enters 
the  Kennebec  Ironi  the  east  opposite  Waterville.  In  the  45  miles  from 
]\Ioose  I'ond  to  the  mouth  there  is  a  fall  of  170  feet.  The  stream  is 
followed  closely  by  rail  and  possesses  a  number  of  good  water  powers, 
perhaps  the  most  important  being  that  of  the  Kennebec  Fiber  Com- 
pany, some  5  miles  from  the  mouth,  which  utilizes  1,400  horsepower 
under  an  average  head  of  2G  feet. 

MESSALONSKEE  RIVER. 

Messalonskee  Eiver  is  a  small  stream  draining  205  square  miles  and 
discharging  into  the  Kennebec  from  the  west  at  Waterville.  It  is  fed 
from  extensive  lakes  with  an  aggregate  surface  of  between  25  and  30 
square  miles,  which  render  its  flow  very  constant  and  give  it  consider- 
able value  for  power.  The  fall  is  stated  to  be  104  feet  in  the  5  or  6 
miles  from  the  lowest  lake  to  the  mouth.  Near  the  mouth  power  is 
utilized  to  the  extent  of  about  250  horsepower  for  the  Waterville  i)ump- 
ing  station  and  several  molding  and  planing  mills.  Farther  upstream, 
in  Oakland,  are  several  excellent  powers,  one  of  them  shown  in  PI. 
XIII,  B,  with  falls  of  14,  40,  15,  and  12  feet,  successively,  which  are 
partially  utilized. 

•  COUBOSSEECONTEE  RIVER. 

Cobbosseecontee  Eiver  drains  a  group  of  lakes  lying  from  5  to  15 
miles  westerly  from  Augusta,  and  empties  into  the  Kennebec  8  miles 
below  that  city  at  Gardiner,  its  drainage  area  amounting  to  about  230 
square  miles.  From  the  ordinarj^  surface  of  Lake  Maranacook,  which 
is  one  of  the  upper  lakes,  to  mean  tide  at  the  mouth  of  the  river  the 
fall  is  200  feet,  according  to  a  profile  elevation  of  the  Maine  Central  llail- 
road,  and  in  the  lower  three-ciuarters  of  a  mile  the  fall  is  stated  on  good 
authority  to  be  136  feet.  From  above  the  uppermost  of  the  eight  dams 
which  are  found  in  this  latter  distance  the  municipal  supply  for  Gardi- 
ner is  drawn,  and  pumi)ed  by  water  power.  Account  is  kept  both  of 
the  quantities  thus  required  and  also  of  such  additional  water  as  passes 
the  dam  tlnough  a  wastegate,  for  the  delivery  of  which  tables  have 
been  prepared.  The  suin  of  these  (juantities  represents  the  yield  of  the 
drainage  area  at  the  upper  dam,  a  record  of  which  yield  has  been  kept 
for  a  series  of  years  by  Messrs.  S.  D.  Warren  &  Co.,  and  has  been 
furnished  by  their  engineer,  Mr.  A.  H.  Twombly.  These  figures  are 
presented  in  the  accompanying  tables. 

In  the  first  table  are  given  the  figures  for  flow  by  calendar  mouths 
for  the  whole  i)eriod,  June,  18!>0,  to  December,  1890,  first  the  average 
cubic  feet  per  second  for  the  working  days  of  each  month,  and  then  the 
e(iuivalent  flow  in  inches  on  drainage  area  and  in  cubic  feet  per  second 
per  square  mile.    From  existing  maps  the  tributary  drainage  area  can 
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Fig.  14.— Average  monthly  discbarge 
of  Cobbosseecontee  Kiver,  1891  to 
1896,  inclusive. 


not  be  determined  with  great  accuracy,  and  tbe  results  here  given  must 
be  considered  as  subject  to  possible  errors  from  all  causes  of  at  least 
5  or  10  per  cent.    The  gates  are  closed  on  Sundays  and  legal  holidays, 

and  no  water  is  then  allowed  to  run  down 
the  stream  unless  the  lakes  are  full. 

In  the  second  table  the  monthly  dis- 
charge is  averaged  for  the  six  years,  1891 
to  1896,  the  results  being  also  graphically 
portrayed  in  fig.  14.  It  is  apparent  from 
this  diagram  that  for  nine  months  in  the 
year  the  How  in  the  outlet  is  very  uni- 
form, the  value  for  power  purposes  of  a 
stream  fed  by  artificially  controlled  res- 
ervoirs being  well  illustrated,  while  never- 
theless for  the  three  spring  months  there 
is  considerable  wastage. 

In  the  third  and  last  table  a  summary 
of  the  discharge  is  given  by  years,  for  the  purpose  of  determining  the 
relation  of  run  off  to  rainfall.  After  1892  the  rainfall  records  used  are 
those  of  the  station  at  Gardiner,  at  the  mouth  of  the  Cobbosseecontee, 
while  from  1890  to  1892,  records  for  that  station 
being  wanting,  those  for  Lewiston,  25  miles  to  the 
westward,  have  been  employed.  For  the  same 
reasons  as  in  the  case  of  the  Kennebec,  October  1 
has  been  cho.sen  for  the  beginning  of  the  yearly 
periods  in  this  computation.  For  the  whole  period 
from  October  1,  1890,  to  October  1,  1896,  from  an 
average  annual  rainfall  of  about  42  inches,  the 
average  annual  run-oft"  from  the  drainage  area  ai)- 
pears  to  have  been  somewhat  over  18^  inches,  or 
about  45  per  cent.  In  some  years  the  departure 
from  this  mean  is  abnormally  large  and  the  accur- 
acy of  the  corresponding  percentages  seems  doubt- 
ful. For  example,  the  figures  indicate  a  run-off" 
equal  to  57  per  cent  of  the  rainfall  for  the  year 
October  1,  1890,  to  October  1,  1891,  and  only  27 
per  cent  for  the  following  twelve-month  period. 
Whether  these  deviations  are  due  to  varying 
depths  of  storage  in  the  lakes  or  to  other  causes  can  not  be  stated. 
The  result  for  the  entire  period  covered  by  the  records  of  flow,  although 
somewhat  low,  appears  not  unreasonable. 
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Fig.  15, — Average  annual 
rainfall  and  dischargeof 
Cobbosseecontee  River, 
1891  to  1896,  incliLsive. 
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Discharge  of  Cohhossevcontee  Hirer  at  dam  of  Gardiner  Water  Company,  1890  to  1896. 

[Draiuage  area,  230  square  miles.] 


Year  and  ninntli 


1890 

.June  

July  

August  

September  

October   

November  

December  

1891 

January  

February   

March  

April  

May  

June  

July  

August  

September  

October  

November  

December  

Year  

1892 

January  

February   

March   

April   

May  

June;  

July  

August  

September  

<  )ftober  

November  

December  

Year  


Average  dis- 
charge during 
working  days 

of  month,  24 
hours  per  (lay. 


Cubic  feet  per 
second. 


515 
570 

1,380 

1,270 
300 
300 
290 
285 
270 
250 

(a) 

(«) 


Equivalent 
in  inches 
on  drainage 
area  for 
month. 


325 

1.58 

300 

1.26 

290 

1.22 

290 

1.22 

310 

1.56 

355 

1.73 

298 

1.26 

540± 


2. 59 
2.59 
6.93 
6. 17 
1.26 
1.26 
1.  22 
1.20 
1.14 
1.09 


27. 10± 


260 

1.10 

0.95 

280 

1.13 

1.05 

280 

1.22 

1.06 

280 

1. 19 

1.07 

280 

1.18 

1.02 

280 

1. 18 

1.06 

2X0 

1. 18 

1.02 

280 

1.22 

1.06 

280 

1.18 

1.06 

280 

1.18 

1.02 

280 

1.13 

1.01 

280 

1.18 

.  1.02 

2H0 

11.07 

1.04 

Equivalent  in 
cubic  feet  per 
second  of  con- 
tinuous flow 
per  square 
mile  of  drain- 
age area. 


1. 42 
1.09 
1.06 
1.09 
1.35 
1.73 
1.09 


2.  25 
2.  49 
6.  01 
5. 53 
1 . 09 
1. 13 
l.OG 
1.04 
1.02 
0.95 


Rainfall  for 
month. 


2.00i 


III  dies. 

3.71 
4. 83 
3.47 
5. 13 
5.47 
1.89 
5. 55 


8. 10 
3.  89 
7.03 
2.89 

2.  60 

3.  64 
27 

2.97 
1.00 
2. 40 
2. 66 
5. 27 


47.72 


5.52 
2. 21 
2. 43 
1.05 
4. 62 
7.  22 
3.18 
8. 11 
4.48 
1.81 
4.54 
1. 49 


46.  66 


(lUiiliarge  Hnialler  than  that  covered  by  rating  of  gates,  and  not  measured;  probably  200+  cubic 
feet  per  second. 
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Discharge  of  Cohhoaseecontee  Hirer  at  dam  of  Gardiner  Water  Company,  1890  to  1S9G- 

Continiieil. 


Tear  anil  iiiontli. 


1893. 


Januai-y . . . 
February  . 

March  

April  

May  

June  

July  

August  

September 
October  . . . 
November . 
December  . 

Year 


1894. 


January  . 
February 
March  . . . 

April  

May  

June  

July  


August 


September 
October.. . 
November . 
December  . 


Year 


1895. 


January  . 
February 
March  . . . 

April  

May  

June  


Average  dis- 
f  harire  during 
working  days 

of  month,  24 
hours  per  day. 

Equivalent 
in  inches 
on  drainage 
area  for 
nionth. 

Equivalent  in 

cubic  feet  per 
second  of  con- 
tinuous flow 
per  square 
mile  of  drain- 
age area. 

Rainfall  for 
month. 

Cubic  feet  per 
second. 

Inches. 

280 

1.18 

1.02 

2. 70 

280 

1.  09 

1.  Oo 

415 

2. 08 

1.80 

3. 18 

650 

3. 16 

2. 83 

2.52 

1,  0-0 

5.12 

4. 44 

4.  66 

280 

1. 18 

1.  06 

2. 56 

280 

1. 13 

0.98 

1.12 

270 

1. 18 

1.02 

3. 27 

250 

1.05 

0.94 

3. 23 

220 

0.93 

0. 81 

5.90 

220 

0.  89 

0.  80 

1.83 

220 

0. 89 

0.  77 

5. 13 

400 

19. 88 

1.46 

40. 89 

220 

0.  96 

0.  83 

3. 30 

JZv 

0.  »b 

u.  bo 

1.  99 

360 

1.81 

1.57 

1.44 

310 

1.51 

1.35 

1.86 

285 

1.  25 

1.08 

5.84 

300 

1.26 

1. 13 

1.18 

280 

1  13 

0. 98 

2.30 

280 

1. 22 

1.  06 

3.08 

270 

1.09 

0. 98 

3.  81 

250 

1.  09 

0.  95 

4.25 

250 

1.01 

0.  90 

2.  21 

250 

1.01 

0. 88 

2.80 

280 

14.20 

1.05 

34. 06 

250 

1.09 

0. 95 

2. 50 

220 

0.86 

0.  83 

1.64 

220 

0. 93 

0.81 

2. 48 

780 

3.  79 

3. 40 

4.83 

280 

1.22 

1.06 

1.50 

280 

1.13 

1.01 

2.01 
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Dincharge  of  Cobbosseecoutee  River  at  dam  of  Gardiner  floater  Company,  1S90  to  ISOC 

Continued. 


Tear  aud  month. 


1895. 

July  

Aufiust   

Se))tcniber  

October  

November  

December .  

Year  

1896. 

January  

February   ... 

March   

April   

May  

.June  

July  

August  

September  

October   

November  

December  

Year  


Average,  dis-  Equivalent 
charge  during    in  inches 
worliing  days  on  drainage 

of  month,  24  |  area  for 
hours  per  day.  month. 


Cubic  feet  per 
second. 

280 

270 

230 

(a) 

(a) 
220 


300-1- 


1.18 
1.18 
0.93 


Equivalent  in  I 
cubic  feet  per 
second  of  con- 1 
tin  nous  flow  . 
per  sipiare 
mile  of  drain- 
age area. 


0. 89 


14.90^ 


270 

1.  11 

270 

1.09 

1,200 

6.03 

750 

3.64 

280 

1.18 

280 

1. 18 

280 

1.18 

270 

1.14 

250 

1.05 

230 

1.01 

230 

0.89 

250 

1.05 

410 

20. 58 

1.02 
1.02 
0.  83 


Rainfall  for 
montli. 


0. 77 


1.10  J; 


0.  99 
1.01 
5. 23 
3. 26 
1.02 
1.06 
1.02 
0.  99 
0. 94 
0.  88 
0. 80 
0.91 


1.52 


Inches. 
4.  .55 
3.  28 
1.21 
1.82 
6.  85 
4.40 

37.07 


0. 87 
5.25 
7. 19 
2.02 
2.80 
1.94 
3. 18 
2.88 
7.60 
2.64 
4. 12 
1.52 


42.01 


a  Discharge  smaller  than  that  covered  by  rating  of  gates,  and  not  measured :  probably  200  +  cubic 
feet  per  second.    Average  2211  for  fi)ur  days  of  October,  and  same  for  latter  half  of  Novomt)er. 
b  Uauged  during  mouth  between  685  and  2,700. 
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Discharge  of  Coblosseecoatee  River,  averaged  by  calendar  months  for  entire  period,  1S91 

to  1896. 


Equivalent  in 

Average  dis- 

Equivalent 

cubic  feet  per 

cliarge  during 

in  inches 

second  of  con- 

Month. 

working  days 

on  drainage 

tinuous  flow 

Rainfall. 

of  month,  24 

area  for 

per  square 

hours  jier  day. 

month. 

mile  of  drain- 

age area. 

Cubic  feet  per 

second. 

Inches. 

300 

1.34 

1. 16 

3. 83 

310 

1. 27 

1. 21 

3. 29 

March  

640 

3. 17 

2.75 

3. 96 

April  

670 

3. 24 

2. 91 

2. 53 

Mav   

410 

1.87 

1.62 

3.  67 

Jnue  

290 

1.20 

1.07 

3.09 

July  

280 

1. 17 

1.01 

3.  27 

280 

1.19 

1.03 

3.  93 

September  

260 

1.07 

0. 96 

3. 55 

October  

a  240 

1.03 

0. 89 

3. 14 

November  

a  230 

0.92' 

0. 82 

3.70 

December  

a  240 

0. 98 

0.85. 

3.  43 

Year   

6  350 

18.  45 

1.  36 

41.39 

a  Based  partly  on  estimate. 

b  Average  discharge  during  working  days  throughout  year,  24  hours  per  day. 


Summary  of  yield  of  Cobhosseecontee  liiver,  1S90  to  1S96. 


Ratio  of 

Period. 

Kun-off. 

Rainfall. 

ruu  olf  to 

rainfall. 

Inches. 

Inches. 

Per  cent. 

October  1, 1890,  to  October  1, 1891  

28.9 

50.3 

57 

October  1, 1891,  to  October  1, 1892   

a  13.  3 

49.2 

27 

October  1, 1892,  to  October  1, 1893   

20.7 

35.9 

58 

October  1, 1893,  to  October  1, 1894   

13.8 

37.7 

37 

October  1, 1894,  to  October  1, 1895   

15.4 

33.3 

46 

October  1, 1895,  to  October  1, 1896   

a  20. 2 

46.8 

43 

Average  per  year,  October  1,  1890,  to 

October  1, 1896  

18.7 

42.2 

45 

a  Based  partly  on  estimate. 


ANDROSCOGGIN  RIVER. 

Androscoggiu  River  proper  begius  at  tbe  outlet  of  Lake  Umbagog, 
in  northeastern  New  Hampshire,  chise  to  the  dividing  line  between  that 
State  and  Maine,  and  40  to  50  miles  northeast  of  Mount  Washington. 
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(PI.  XIV).  There  the  outlet  of  the  lake  is  joined  by  the  Magalloway,  the 
extreme  sources  of  which  are  adjacent  to  the  head  waters  of  the  Con- 
necticut. From  the  head  of  the  Magalloway  to  a  point  35  miles  below 
Umbayog  outlet  the  course  of  flow  is  nearly  due  south  and  directly 
toward  the  White  Mountains.  Then  the  stream  bends  shari)ly  and 
runs  somewhat  north  of  east  for  a  distance  of  about  GO  miles,  which 
carries  it  well  into  the  State  of  Maine;  there  is  then  another  abrupt 
turn,  to  the  south  and  southeast,  and  after  a  farther  run  of  some  CO 
miles  the  river  reaches  the  coast  30  miles  northeast  of  Portland.  The 
drainage  basi'  of  the  Androscoggin  measures  3,700  square  miles  at 
the  falls  at  Brunswick,  which  are  near  the  mouth,  80  per  cent  of  the 
above  area  lying  within  the  State  of  Maine.  Its  greatest  length  is 
about  110  miles,  and  its  greatest  width  70  miles,  while  the  river  itself 
measures  about  200  miles  in  length  from  the  remote  sources  of  the 
Magalloway  to  the  coast. 

The  following  drainage  areas  of  the  main  river  at  various  points  and 
of  several  of  its  largest  tributaries  are  substantially  as  given  by  Pro- 
fessor Swain  in  Volume  XVI,  Tenth  Census  of  the  United  States, 
p.  101;  but,  owing  to  the  imperfections  of  existing  maps  of  this  terri- 
tory, the  areas  are  to  be  regarded  as  subject  to  possible  errors  of  several 
per  cent. 

Drainage  areas,  Androscoggin  River  and  principal  tributaries. 


lliver. 


IjDcality. 


Drainage 
area. 


Anilioscogj^iu  

Do  

Do  

Do  

Do  

Do  

Little  Aii<liosc(><j<^iii. 

Magalloway  

L'liibagog  outlet  


Sq.  miles. 

Iiiimediiitely  below  junction  of  llnibagog  1,180 
outlet  and  Magalloway  River. 

Berlin  Falls   1,480 

Runiford  Falls   2,220 

Liverujore  Falls   2,690 


I.ewiston  

IJrunswick  

Mouth  

Mouth  

Immediately  above  junction  with  Magal- 
loway River. 


3, 120 
3,  700 
380 
420 
760 


"Wells  states  the  general  elevation  of  the  basin  to  be  greater  than 
that  of  any  other  important  hydrographic  area  in  the  State  of  Maine, 
and  it  is  perlia[)s  greater  than  that  of  any  other  on  the  Atlantic  coast. 
The  sources  of  the  Magalloway  are  from  2,G00  to  2,900  feet  above  the 
sea,  and  the  lakes  of  the  Umbagog-Rangeley  chain,  the  great  reser- 
voirs of  the  Androscoggin,  are  at  elevations  of  from  1,200  to  1,500 
feet.  The  lower  i)art  of  the  basin  is  hilly  and  moderately  wooded, 
while  the  upper  two-thirds  is  very  broken  and  mountainous,  heavily 
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timbered,  and  with  a  gravelly  and  saudj^  soil.  Granite,  gneiss,  and 
mica-scliist  abound  along  the  main  course  of  the  river,  with  clay  slate 
in  the  upper  waters.  Below  Berlin  Falls  the  stream  is  nowhere  more 
than  10  miles  from  a  railroad,  and  for  considerable  portions  of  its 
course  is  immediately  skirted  by  railroads.  Tide  water  and  naviga- 
tion extend  some  G  miles  above  the  mouth  to  the  falls  at  Brunswick. 

The  entire  fall  of  the  river,  from  the  level  of  T^mbagog  Lake  to  tide 
water  at  Brunswick,  amounts  to  about  1,250  feet,  and  in  the  various 
stretches  for  which  figures  in  detail  are  at  command  ranges  generally 
between  4.5  and  7.5  feet  per  mile.  At  three  important  points,  however, 
there  are  large  concentrated  falls,  namely,  at  Lewiston,  where  a  natural 
fall  of  38  feet  in  600  feet  is  increased  to  50  feet  by  the  dam;  at  Rumford 
Falls,  where  tbere  is  a  natural  descent  of  177  feet  in  about  a  mile;  and 
at  Berlin  Falls,  where  the  fall  is  said  to  amount  to  nearly  200  feet  in  a 
mile. 

Fall  in  Androscoggin  Hirer. 


Locality. 

Dis- 
tance 
from 
tide 
■water 

at 
Bruns- 
wick. 

Height 
above 
mean 
tide. 

Fall  be- 
tween 
points. 

Dis- 
tance 

be- 
tween 
points. 

Aver- 
age fall 
per 
mile 
be- 
tween 
points. 

■ 

Authority  for  elevation. 

Miles. 

Feet. 

feet. 

Miles. 

Feet. 

Foot  of  U ml)  agog 
Lake. 

Head  of  Berlin  Falls. . 

158 
127 

1,  256 
1,048 

1 
J 

>208 
>281 

31 
6 

6.7 
47.0 

1  Wells :  Water-Power 
J      of  Maine,  p.  79. 

Gorham,  New  Hamp- 

121 

o767 

Joseph  Hobson,  (  hief 

shire. 
State  line  

110 

690 

>  77 

11 

7.0 

engineer,  Grand 
Trunk  Rwy. 

1  Wells :  Water  Power 
j    of  Maine,  p.  79. 

Betliel  

98 

620 

>  70 

12 

5.8 

Head  of  Rumford  Falls 
Foot  of  Rnmford  Falls 

76 

75 

597 

420 

J 

23 
■177 
256 

22 
1 

53 

1.0 
4.8 

^  C.  A.  Mixer,  engineer, 
1     Rumford  Falls 
Power  Co. 

Lewiston,  head  of 

22 

6164 

H.  C.  Robinson,  as- 

falls. 

>164 

22 

7.5 

sistant  engineer. 

Bnmswick  

0 

0 

Maine  Central  R.  R. 

a  Water  surface  at  summer  stage  at  Grand  Trunk  Railway  crossing. 

b  Corrected  for  water  surface  from  elevation  of  track  at  Maine  Central  Kailroad  bridge. 


STORAGE  IN  UMBAGOG-KANGELEY  LAKES. 

The  magnificent  fall  which  the  Androscoggin  presents  for  water- 
power  development  is  greatly  enhanced  in  value  by  the  facilities  which 
also  exist  for  water  storage,  especially  those  furnished  by  the  Umbagog- 
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Eaiigeley  chain  of  lakes,  at  the  head  of  the  river.  Here  are  four  dis- 
tinct bodies  of  water,  discharging  one  into  another  and  finally  into 
the  Androscoggin,  connnanding  at  the  foot  of  the  chain  a  drainage 
area  of  7(>0  s(|uare  miles  withont  the  Magalloway,  or  1,180  square 
miles  including  that  stream,  and  comprising  a  combined  water  surface 
of  at  least  80  or  90  square  miles.  At  the  foot  of  the  chain  is  the  Errol 
dam,  located  on  Androscoggin  ]\iver  below  the  mouth  of  the  Magallo- 
way, the  ilischarge  of  the  latter  stream  being  thus  commanded  and  set 
back  into  Umbagog  Lake.  The  control  of  these  storage  reservoirs  is 
in  the  hands  of  the  Union  Water  Power  Company  of  Lewistou,  subject 
to  such  legal  rights  as  may  belong  to  the  log  drivers. 

The  annual  variation  in  level  in  Kaugeley  Lake,  the  highest  of  the 
chain,  is  seldom  so  great  as  3  feet;  but  from  Mooselucmaguutic,  the 
second  lake,  25  feet  lower  than  liangeley,  the  available  draft  from  high- 
water  level  is  stated  as  Jl  feet;  from  Eichardson  Lake,  the  third,  lying 
some  30  feet  lower  than  the  preceding,  I'O  feet;  and  from  Umbagog, 
the  last  of  the  chain,  lying  about  200  feet  lower  than  Eichardson  Lake, 
12  feet. 

]>esides  the  lakes  of  the  Umbagog-Eangeley  chain,  there  are  many 
others  of  less  size  in  the  Androscoggin  Basin,  ranging  in  extent  from 
6  or  8  square  miles  downward,  and  covering  in  the  aggregate,  according 
to  Wells,'  about  13G  square  miles  of  surface. 

The  exceedingly  mountainous  character  of  the  upper  basin,  with  its 
extensive  exposures  of  bare  rock,  tend  to  give  the  river  a  high  freshet 
discharge  and  a  variable  flow,  a  tendency  which  is  very  greatly  offset 
by  the  dense  forest  covering,  the  large  lake  storage  already  noticed, 
and  the  holding  back  of  freshet  M-aters  above  Eumford  Falls.  Wells 
gives  the  range  between  high  and  low  water  as  8  or  10  feet  on  the  falls 
at  Brunswick  and  Lewiston,  20  feet  at  Eumford  Falls,  and  from  22  to 
28  feet  at  Bethel. 

INCREASE  IN  UTILIZED  POWER. 

While  i)recise  figures  are  not  at  command,  it  is  evident  tluit  since 
the  United  States  census  report  on  water  power  in  1880  there  has  been 
a  very  great  increase  in  the  amount  of  power  utilized  upon  the  Andro- 
scoggin. At  the  former  date  the  returns  credited  the  main  river  with 
the  use  of  13,000  or  14,000  horsei)Ower,  while  at  the  present  time  incom- 
plete returns  indicate  an  aggregate  of  ajiproximately  70,000  horse- 
power. It  seems  likely,  therefore,  that  the  increase  in  power  utilized 
has  been  greater  in  the  last  fifteen  years  on  this  river,  and  that  the 
total  amount  now  used  is  greater,  than  upon  any  other  single  stream  in 
New  England.  Probably  more  than  two-thirds  of  the  whole  amount  of 
power  is  employed  in  the  manufacture  of  wood  pulp  and  ])apei'.  aiul  it 
is  almost  exclusively  in  this  line  that  the  development  of  the  river  in 
recent  years  has  taken  place. 

'  Water-PowtT  of  Maiuo,  pp.  83-85. 
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This  growth  seems  natural  when  it  is  considered  that  the  upper 
Androscoggin  Basin  contains  the  finest  spruce  forests  in  Xew  Englanil. 
The  report  of  Mr.  Austin  Cary  to  the  forest  commissioner  of  Maine' 
places  the  net  area  of  spruce-producing  land  in  the  Androscoggin  Basin 
in  that  State  at  830  square  miles,  of  which  not  more  than  one-half  has 
yet  been  cut  for  spruce,  while  all  of  the  850  square  miles  or  thereabouts 
of  gross  area  of  the  basin  lying  in  Kew  Hampshire  is,  or  has  been,  a 
spruce-bearing  region.  The  consumption  of  spruce  at  the  various 
mills  along  Androscoggin  Eiver  from  Berlin  to  Brunswick  for  the  year 
1895  is  given  as  123,000,000  feet  for  pulp  and  paper  and  73,500,000  for 
sawing,  of  which  amounts  all  but  about  12,000,000  feet  was  cut  within 
the  basin  of  this  river. 

WATER  POWERS  AT  AND  BELOW  LEWISTON. 

Ascending  from  the  mouth  of  the  Androscoggin,  the  first  fall  is 
encountered  at  the  head  of  tide  water,  at  Brunswick.  Here  there  is  a 
dam  giving  a  fall  of  about  15  feet,  which  is  liable  to  a  reduction  of 
some  3  feet  from  the  tide.  The  largest  user  of  power  is  the  Bowdoin 
Paper  Manufacturing  Company,  employing  750  horsepower  on  the 
north  bank,  Avhere  there  is  also  a  sash,  door,  and  blind  factory.  At 
the  south  or  Brunswick  end  of  the  dam  are  the  Androscoggin  Pulp 
Company,  a  gristmill,  sawmill,  sash  and  blind  factory,  and  ferrule 
shop.  The  aggregate  power  used  at  these  concerns  could  not  be 
learned. 

The  second  or  upper  dam  at  Brunswick  is  a  little  way  above  the  one 
just  mentioned  and  gives  a  fall  of  18  feet.  This  privilege  is  owned  by 
the  Cabot  Manufacturing  Company,  which  uses  1,700  horsepower  in  its 
cotton  mills  and  leases  ijower  to  the  Brunswick  Electric  Light  Com- 
pany, lighting  Brunswick  and  Topsham  and  employing  two  500-horse- 
power  turbines.  No  lack  of  water  at  this  privilege  has  ever  been 
experienced. 

Half  a  mile  above  the  Cabot  Manufacturing  Company's  dam  are 
rapids  with  a  fall  of  7  feet;  and  a  few  miles  farther  is  the  Pejepscot 
Mills  privilege,  developed  within  the  last  three  or  four  years  for  the 
manufacture  of  pulp  and  paper,  and  at  which  a  fall  of  20  feet  and  1,000 
horsepower  are  in  use. 

At  Lisbon  Falls,  about  11  miles  below  Lewiston,  there  are  two  dams. 
At  the  lower,  11  feet  of  fall  and  875  horsepower  are  utilized  by  the 
Lisbon  Falls  Paper  Manufacturing  Company;  while  at  the  upper,  13 
feet  of  fall  and  1,050  horsepower  are  employed,  about  three-quarters  of 
this  being  in  the  woolen  mill  of  the  Worumbo  Manufacturing  Company. 

The  next  power  is  that  at  Lewiston,  22  miles  by  river  above  tide 
water  at  Brunswick,  owned  by  the  Union  Water  Power  Company.  At 
this  point  the  river  had  naturally  a  fall  over  a  rocky  bed  of  about  38 
feet  in  a  few  hundred  feet,  and  by  a  dam  at  the  head  of  the  falls  this 

'Third  Annual  Report  (>f  Forest  Commissioner,  p.  150. 
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has  been  raised  to  50  feet.  Above  the  dam  the  pond  is  only  li  miles 
in  loujith,  and  is  of  insntlicient  capacity  to  store  completely  the  ni^ht 
How  iu  dry  weather. 

The  power  is  used  on  the  left  bank  from  two  levels,  the  upper  canal 
being  4,200  feet  long  and  the  lower  canal  1,000  feet.  The  city  of  Lew- 
iston  has  the  right  to  450  horsepower  net  for  i^umping  its  water  supply 
from  the  river,  and  150  horsepower  net  for  the  i)urpose  of  electric  street 
lighting.  The  water  power  company  also  maintains  a  mill  on  the  lower 
level,  in  which  it  leases  considerable  quantities  of  power.  The  main 
employment  of  power,  however,  is  by  large  cotton  mills — comprising 
the  Continental,  Androscoggin,  Bates,  Hill,  Lewiston,  Lincoln,  and 
Avon — the  Lewiston  bleacliery  and  dye  works,  and  the  Cowan  &  Co., 
Columbia,  and  Camberland  woolen  mills. 

Power  is  leased  by  the  water-i^ower  company  at  rates  varying,  accord- 
ing to  circumstances,  from  $5  to  $12.50  per  horsepower  per  annum, 
being  cheai)er  for  the  original  corporations.  The  i^rice  applies  to  net 
power  on  the  shaft,  assuming  the  latter  to  be  75  per  cent  of  the  gross 
power  corresponding  to  a  given  quantity  of  water  and  fall.  The  mills 
run  sixty  hours  a  week,  and  measurements  of  the  wateri)ower  used  by 
them  are  made  daily.  Some  auxiliary  steam  power  is  also  in  use  at 
certain  of  the  mills. 

The  total  demand  for  Avater  from  the  upper  level  when  all  the  plants 
as  equipped  in  .January,  1897,  are  running  at  full  cajjacity  is  between 
3,100  and  3,200  cubic  feet  per  second  for  about  60  hours  per  week. 
Assuming  3,150  cubic  feet  per  second  used  on  the  full  fall  of  50  feet, 
we  find  the  corresponding  power  to  be  about  18,000  gross  or  13,500 
net  horsepower,  but  as  some  water  is  used  on  only  a  ])art  of  the  total 
fall,  the  utilized  power  is  reckoned  at  from  15,000  to  10,000  gross  or 
say  12,000  net  horsepower  sixty  hours  in  the  week.  For  a  large  part  of 
the  year  the  available  power  is,  of  course,  much  in  excess  of  the  ligures 
here  given. 

Passing  upstream,  unutilized  powers  are  found  2  or  3  miles  above  at 
Deer  Kips,  where  30  feet  or  more  of  fall,  depending  upon  the  height  of 
dam  to  be  built,  is  said  to  be  available,  and  is  owned  by  the  Tniou 
Water  Power  Company;  at  Crooked  Kips,  5  or  (J  miles  above  the  city 
of  Lewiston,  where  there  is  a  dam,  built  a  few  years  ago,  giving  a  mod- 
erate fall,  but  now  serving  no  useful  purpose  whatever;  and  at  other 
j)oint8  opposite  the  town  of  Turner. 

The  next  utilized  ])Ower  is  at  Livermore  Falls,  about  25  miles  above 
Lewiston,  where  some  3,000  horsepower  is  in  use,  2,500  of  tliis  in  the 
mills  of  the  Livermore  Falls  and  Umbagog  pulp  companies,  and  the 
balance  in  a  sawmill,  gristmill,  etc.  The  head  realized  is  about  10  feet, 
but  rapids  extending  downstream  indicate  that  a  considera])lo  addi- 
tional fall  is  available. 

In  the  25  miles  between  Livermore  Falls  and  Kumford  l^'alls  are 
three  large  water  powers  devoted  to  the  manufacture  of  pulp  and 
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paper.  At  Otis  Falls  22  feet  of  full  and  7,000  horsepower  are  employed 
by  the  Otis  Falls  Pulp  Company,  which  in  the  summer  of  1890  was  also 
developing  18  feet  of  fall  farther  upstream,  at  Petersons  Eips,  where 
0,000  horsepower  was  to  be  used.  Between  these  two  privileges,  at 
Jay,  the  Jay  Paper  Manufacturing  Company  uses  15  feet  of  fall  and 
3,700  horsei>ower. 

WATER  POWER  AT  RUMFORD  FALLS. 

The  magnificent  power  at  Eumford  Falls  is  of  recent  development. 
Here  the  Andros(!Oggiu,  after  running  for  more  than  20  miles  with 
slight  fall,  suddenly  descends  177  feet  in  about  1  mile,  in  successive 
pitches  over  granite  ledges.  The  scheme  of  improvements  contem- 
plates the  use  of  power  from  three  levels — a  high-level  canal,  with  a 
fall  of  97  feet  thence  to  the  middle  level,  the  latter  receiving  also  a 
direct  and  independent  supply  of  water  from  the  river;  water  to  be 
used  from  the  middle-level  canal  and  discharged  after  a  fall  of  50  feet 
into  the  low  level,  from  which  in  turn  there  is  a  final  drop  of  30  feet 
to  the  river.  Dams  have  been  built  at  the  entrance  of  the  high-  and 
middle-level  canals.  Water  first  began  to  be  used  in  any  important 
amount  for  power  in  the  summer  of  1893,  and  its  use  increased  from 
time  to  time,  until  in  the  fall  of  1897  turbines  to  the  extent  of  about 
9,000  horsepower  were  in  oi)eration,  over  80  per  cent  of  this  being 
utilized  in  the  manufacture  of  puli)  and  paper. 

The  upper  dam,  at  the  head  of  the  falls,  is  a  log  structure,  built 
primarily  to  provide  boomage  for  logs  and  to  prevent  trouble  from 
anchor  ice.  It  causes  slack  water  in  the  river  for  about  8  miles  and 
thus  creates  a  fine  storage,  which,  however,  is  of  somewhat  minor 
importance  on  this  privilege,  inasmuch  as  most  of  the  turbines  are  run 
continuously  through  the  week.  A  timber  sluiceway  has  been  con- 
structed from  the  pond  above  the  dam  down  the  right  bank  to  the 
middle-level  canal,  for  the  purpose  of  sluicing  down  logs  for  the  use 
of  the  mills;  and  at  small  filter  buildings  on  the  right  and  left  banks, 
respectively,  water  taken  from  the  vicinity  of  the  dam  is  cleared  for  the 
use  of  the  paper  mills  and  for  the  public  supply.  The  high-level  canal 
has  not  yet  been  built,  however,  and  no  power  is  used  in  connection 
with  the  upper  dam. 

There  is  a  rapid  descent  from  this  dam  to  the  principal  falls,  which 
are  a  few  hundred  feet  below.  Opposite  these  a  short  wing  dam, 
extending  out  from  the  left  bank,  diverts  water  to  the  turbines  of  an 
electric  light  and  power  station.  In  addition  to  the  work  of  lighting, 
electric  j)ower  is  transmitted  thence  for  operating  the  Rumford  Falls 
Woolen  Company's  mill,  a  machine  shop,  gristmill,  molding  mill,  wood- 
working shop,  and  for  various  minor  uses. 

Below  the  main  falls  is  a  pool  of  large  size  formed  by  the  lower  dam, 
shown  in  PI.  XY,  A,  a  quarter  of  a  mile  or  more  beyond  which  are  the 
lower  falls,  in  two  principal  pitches,  succeeded  by  heavy  rips.  The 
dam  just  mentioned  diverts  water  through  gate  openings  in  a  heavy 
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masonry  bulkhead  to  tlie  middle-level  canal,  supplying  the  principal 
users  of  power  on  this  privilege,  the  Kumford  Falls  Paper  Company, 
the  Ivumford  Falls  Sulphite  Company,  and  the  Electro-Cheniical 
Company,  manufacturing  bleaching  powders,  etc. 

Sufficient  data  as  to  the  flow  of  the  river  are  not  at  hand  for  forming 
a  complete,  or  perhaps  an  entirely  just  estimate  of  the  power  of  this 
important  privilege.  The  figures  given  elsewhere  for  flow,  which  are 
declared  to  embrace  the  extremes  for  a  quarter  of  a  century,  indicate  a 
minimum  of  somewhat  over  100  net  horsepower  per  foot  of  fall — an 
amount  to  be  considered  as  available  twenty-four  hours  a  day  in  all  sea- 
sons and  in  all  years.  Further,  if  these  figures,  embracing  about  three 
years  from  May,  1892,  be  taken  as  a  criterion,  it  appears  that  for  about 
three-quarters  of  the  time,  in  the  average  of  years,  the  available  power 
may  be  reckoned  at  substantially  twice  the  above  amount,  or  about  UOO 
net  horsepower  per  foot  of  fall.  For  the  entire  fall  of  177  feet  these 
figures  give  as  available  1^S,000  aud3."),000  net  horsepower,  respectively. 

Kumford  Falls  is  distant  85  miles  by  rail  from  Portland.  For  pulp 
and  paper  manufacture  not  only  does  it  have  the  advantage  of  Andros- 
coggin River  for  floating  down  ])ulp  timber  to  the  mills  from  the 
sources  of  supply  in  the  upper  basin,  but  by  the  Eumford  Falls  and 
Eangeley  Lakes  Railroad  and  its  contemx)lated  extension  into  the 
Megantic  region  magnificent  spruce  forests  will  be  made  tributary  by 
rail.  Whatever  the  exact  figures  may  be,  Rumford  Falls  apparently 
stands  foremost,  in  the  amount  of  its  available  power,  among  the 
water-power  privileges  of  New  England. 

Above  Rumford  Falls  the  next  use  of  power  is  at  Berlin  Falls,  New 
Ilamp.shire,  where  the  Androscoggin  has  a  rapid  descent  over  a  rocky 
bed,  stated  to  be  nearly  200  feet  in  a  mile.  The  first  power  met  is  that 
of  the  Glen  Manufacturing  Company,  which  has  three  dams  in  succes- 
sion on  the  river,  giving  falls  of  22,  22,  and  38  feet,  respectively,  the 
power  being  employed  in  the  manufacture  of  paper  and  pulp.  Then 
follows  an  unimproved  privilege,  succeeded  by  the  works  of  the  Bur- 
gess Sulphite  Fiber  Company,  using  a  fall  of  10  feet.  Above  these  are 
the  paper,  i)ulp,  and  saw  mills  of  the  Berlin  Mills  Comi)any,  which 
obtains  power  from  three  dams  with  an  aggregate  fall  of  about  50  feet. 

The  mills  at  Berlin  are  among  the  largest  of  their  kind  in  the  country. 
They  employ  in  the  aggregate  about  20,000  horsepower  of  turbines, 
and  their  combined  output  comprises  about  140  tons  per  twenty-four 
hours  of  wood  pulp,  210  tons  of  sulphite  fiber,  and  160  tons  of  finished 
newspaj)er;  in  addition  to  which  the  Berlin  ]\Iills  Com])any  manufac- 
tures some  40,000,000  feet  ])er  annum  of  finished  lumber. 

Above  Berlin  Falls  no  power  is  used  from  the  Androscoggin,  and  the 
stream  is  without  inuriediate  railroad  facilities.  There  is  a  dam,  how- 
ever, at  Pontoocook  Falls,  some  10  or  12  miles  above  Berlin,  used  for 
logging  purposes,  and  within  a  coujjle  of  miles  of  which  there  is  said 
to  be  00  or  70  feet  of  fall  in  the  river;  and  another  at  Frrol,  sei  ving  to 
control  the  storage  in  Umbagog  Lake,  as  elsewhere  noticed. 
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RECORDS  OF  DISCHARGE  AT  RUMFORD  FALLS. 

Substantifilly  no  figures  regarding'  the  flow  of  Androscoggin  Eiver 
are  accessible,  except  those  resulting  from  a  series  of  observations 
begun  at  Rumford  Falls  in  May,  1892,  during  the  progress  of  develop- 
ments at  that  place,  and  continued  to  the  present  time,  although  only 
the  results  up  to  the  close  of  April,  1895,  have  been  computed  and 
made  available  for  study.  Until  January,  1893,  the  discharge  was 
determined  from  the  comijuted  flow  over  the  dam  as  given  by  Francis's 
ordinary  weir  formula;  subsequent  to  which  time,  as  water  came  to  be 
used  for  power,  additions  were  made  to  the  computed  flow  over  the 
dam  of  the  amounts  assumed  to  pass  through  the  turbines.  The  gage 
readings  are  taken  at  the  lower  dam,  and  at  first  were  made  once  a 
Hay,  later  four  times  a  day,  and  now  every  two  hours.  Flashboards 
are  not  used  upon  the  dam.  There  is  but  little  fluctuation  during  the 
twenty-four  hours  in  the  quantity  jiassing  the  wheels,  nor,  indeed,  is  there 
much  anywhere  upon  this  river  except  at  and  below  Lewiston.  There  a 
large  proportion  of  the  mills  run  only  in  the  daytime,  while  elsewhere 
they  run  continuously  through  the  week.  At  Eumford  Falls  many  of 
the  turbines  run  throughout  the  week  without  change  of  gate,  and 
some  run  a  mouth  or  two  at  a  time  without  stopping. 

Notwithstanding  the  fact  that  a  high  degree  of  accuracy  is  not  to  be 
expected,  and  doubtless  is  not  claimed,  for  results  obtained  as  above, 
in  which,  for  example,  the  proper  weir  coefticient  to  be  used  is  in  doubt, 
nevertheless  the  series  of  figures  at  command  for  Rumford  Falls  are  of 
high  value  for  revealing  the  general  characteristics  of  flow  of  the 
Androscoggin  and  for  giving  a  good  approximation  to  its  absolute 
amount.  The  results  hereafter  given  have  been  very  kindly  placed  at 
disposal  for  this  report  by  Mr.  Charles  A.  Mixer,  resident  engineer  of 
the  Rumford  Falls  Power  Company. 

In  the  following  tables  an  analysis  is  made  of  the  daily  discharge  for 
each  month,  with  a  view  to  revealing  not  only  extremes  of  flow,  but 
also  the  average,  with  corresponding  values  in  inches  on  drainage 
area  and  in  second-feet  per  square  mile.  The  daily  discharges  are 
graphically  set  forth  in  figs.  16  and  17. 
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Jiialysis  of  discharge  of  Androscoggin  Bivcr  at  Rumford  Falls,  hy  calendar  months, 

1892  to  1S95. 


[Drainime  area.  2.220  square  miles.] 


E(iuivalent 

Maximum 

Miuininm 

Average  for 

Equivalent 

in  cubic  feet 
per  second 

Year  and  iiiontli. 

(lay,  average 
I'or  t  lio  24 
hours. 

(lav,  aver- 

il  ir#>  few  t]\f 

24  liuur.s.n 

month, 

—  ^     1 1  M  1 1  1  n    1  rCl 

(lay. 

in  inches 
on  drainage 
area  for 

of  continu- 

miQ  fl/*\v*  i^fti* 

8(iuare  mile 

Rainfall.  6 

of  drainage 

area. 

1892. 

Cubic  yeet 

(JiihiC  feet 

Cvbic  feet 

per  xeeond. 

per  aecond. 

per  second. 

/  nehes. 

May  c  

11,  700 

4,940 

7,  610 

3. 43 

3. 19 

June  

19,  900 

3, 830 

7, 410 

3.  73 

3. 34 

8.  74 

July  

17, 500 

2,  820 

7,350 

3.81 

3.  31 

3. 66 

August  

8, 500 

2,  600 

4,  840 

2.51 

2. 18 

8.38 

September  .. 

5, 860 

2,  580 

4.  030 

2.03 

1.82 

2.74 

October  

2,  940 

2,  700 

2,  780 

1.44 

1.25 

1.88 

November . . . 

24, 500 

2,  330 

5,  720 

2. 88 

2.  .58 

4.91 

December .. . 

3,830 

2, 820 

3.  200 

1.66 

1.44 

1. 55 

1893. 

January   

3,  830 

2,940 

3,180 

1.65 

1.43 

1.  St) 

February  

2,  990 

2,  990 

2, 990 

1.40 

1,35 

4.78 

March   

4, 130 

2,  750 

3,190 

1.66 

1.  44 

2.  89 

April  

8,  050 

2,  750 

5,030 

2. 53 

2,26 

2.  70 

Mav  

38,  060 

5,  010 

16,  910 

8.78 

7.62 

3. 30 

June  d  

9,  700 

4, 450 

5,890 

2. 96 

2. 65 

3. 12 

July  

3,  630 

2, 120 

2,  800 

1.45 

1.26 

2.  36 

August  

12,  300 

1,400 

3, 290 

1.71 

1.48 

4.46 

September  .. 

3,  760 

1,  300 

2,  660 

1..S4 

1.20 

2.  67 

October  

13.  000 

1,900 

3,  830 

1.99 

1.73 

3.27 

November  - .. 

4,  X30 

1,  900 

3, 070 

1.54 

1.38 

1.80 

December . . . 

3,  820 

1,  900 

2, 660 

1.  38 

1.20 

3.05 

Year  .. 

38,060~ 

il,300 

4,640 

'    28. 39 

2.09 

36, 26 

1894. 

January   

3,  890 

2, 130 

2,  720 

1.41 

1.23 

3.  35 

February  

3,  310 

1,  590 

2,000 

0.  94 

0. 90 

4.95 

March   

7,  090 

1,  570 

4, 030 

2. 09 

1.82 

2.  30 

April  

22,  230 

3,  300 

9, 470 

4.76 

4. 27 

2,05 

May  

19,  230 

4,550 

8,240 

4.28 

3. 71 

3.  .37 

June  

9,  X30 

3, 100 

5,  090 

2.  .56 

2. 29 

■1.58 

Jiilv  

5,  310 

1,680 

2,490 

1.29 

1.12 

3.47 

Auf^ust  

2.  180 

1,380 

1,930 

1.00 

0.  87 

1.94 

Sei)tember  .. 

5, 8«0 

1,  630 

2,220 

1. 12 

1.00 

2. 87 

October  

5, 580 

1,  460 

2,  .500 

1..30 

1.13 

2. 54 

November . . . 

7,  380 

1,  3X0 

3,  040 

1.  .53 

1.37 

4.  .52 

December . . . 

2,  890 

1,  460 

2,090 

1.08 

0. 94 

3,  67 

Year  . . 

22, 230 

1,380 

3,820 

23. 36 

1.72 

39. 61 

a  Sunday  flow  not  measured. 

6. Station  at  AVest  ^lilan,  New  Hani]).'<hirf.  Si  i-  bulletins  of  New  Knghind  Climate  and  t'roji  Serv- 
ice, V.  S.  Weather  Bureau. 

c  Flow  recorded  for  last  15  days  only.  dElow  recorded  for  lirst  20  days  ouly. 
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Analysis  of  discharge  of  Androscoggin  JRivcr  at  llumford  Falh,  hi/  calendar  months, 

1S92  to  1895— Contimied. 


Year  and  moiitli. 

Maxinmm 
day,  average 
lor  the  24 
hours. 

Minimum 
day,  aver- 
age for  the 
24  hours. a 

Average  for 

month, 
24  hours  per 
day. 

Equivalent 
in  inches 
on  drainage 
area  for 
month. 

Equivalent 
in  cubic  feet 
per  second 
of  continu- 
ous flow  per 
square  mile 
ot  drainage 
area. 

Rainfall.  6 

1893. 

Cubic  feet 

Cubic  feet 

Cubic  feet 

per  second. 

per  second. 

per  second. 

Inches. 

Jaunary   

2.  530 

1,  330 

1,  800 

0.  93 

0.  81 

2.  93 

Feljruary  

1.230 

1,  230 

1,  230 

0. 68 

0.  55 

1.42 

Marcli  

1,  230 

1,230 

1,230 

0.64 

0. 55 

1.47 

April  

55,  230 

1,  230 

12,  000 

6.04 

5. 41 

3.87 

a  Sunday  flow  not  measured, 

b  Station  at  West  Milan,  New  Hampshire. 


The  figures  and  diagram  indicate  on  tbe  whole  a  very  constant  dis- 
charge for  this  river,  maintained  more  than  one-half  the  time  between 
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Fig.  16.— Discharge  of  Androscoggin  Kiver  at  Rumford  Falls,  1802  and  1893. 


2,000  and  4,000  cubic  feet  per  second,  or  between  substantially  1  and  2 
cubic  feet  i^er  second  per  square  mile  of  drainage  area.    It  is  true  that 
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(luring  February  and  March,  1895,  the  discharge  continued  as  low  as 
about  1,200  cubic  feet  per  second,  or  0,55  cubic  foot  per  second  per 
square  mile.  This  is  described,  how  ever,  as  a  very  unusual  condition, 
resulting  from  the  withdrawal  of  lake  storage  in  the  early  winter,  until 
it  was  exhausted,  for  the  first  time  since  the  dams  were  built  at  the 
lakes,  or  twenty-five  years,  followed  by  severe  and  continued  cold 
weather,  holding  all  surface  moisture  in  the  form  of  snow  and  ice,  and 
even  checking  the  springs.  On  the  other  hand,  within  ten  days  from 
the  close  of  this  period  of  low  flow,  or  in  Ai)ril,  1895,  the  river  was 
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i'lo.  17.— Discharue  of  Andrc-^coKK'n  River  at  Kuiul'ord  Falls,  1894  luul  1895. 


visited  by  a  freshet  described  by  Mr.  Mixer  as  the  highest  in  thirty  years, 
although  it  seems  probable  that  even  this  must  have  been  smijassed 
in  the  spring  of  1890.  At  the  date  first  mentioned  the  discharge  rose 
to  55,000  cubic  feet  per  second,  or  about  25  cubic  feet  i)er  second  i)er 
sfpiare  mile  of  drainage  area.  The  ratio  of  these  extremes,  about  45 
to  J,  is  pro])ably  not  unlike  that  for  other  re.ser voir- fed  streams  of 
New  I'^ngland,  such  as  the  Merrimac  and  Connecticut,  but  is  wonder- 
fully difierent  from  that  of  youtheru  nonreservoir  streams,  such  as  the 
l*otomac. 
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In  fig.  IS,  where  the  discharge  is  plotted  by  days  without  respect  to 
their  calendar  order,  the  distribution  of  the  flow  with  res|)ect  to  time 
is  best  seen,  and  the  relations  already  mentioned  may  be  discerned. 

A.S  to  the  relation  between  the  annual  yield  of  the  stream  at  lium- 
ford  Falls  and  the  rainfall  upon  the  tributary  area,  the  records  at  com- 
mand are  too  short  to  warrant  any  very  definite  conclusions. 
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Fig.  18. — Discharge  of  Androscoggin  River  at  Riimford  Falls.    Values  arranged  wlUiout  reference 

to  calendar  order. 

rainfall  observations  made  directly  within  the  drainage  area  are  on 
record,  and  those  given  by  the  volunteer  observer  at  West  Milan,  lying 
a  few  miles  west  of  the  watershed,  contained  in  the  United  States 
Weather  Bureau  bulletins,  have  been  employed.  Taking  periods 
beginning  and  ending  with  October  1,  as  has  been  done  for  the  other 
river.s  of  Maine,  for  the  twelve  months  from  October  1,  18{)L*,  to 
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October  1, 1803,  the  rainfall  appears  to  have  been  36.5  inches  and  the 
run-off  29.5  inches.  These  figures  give  a  ratio  expressed  by  81  per 
cent,  a  vahie  so  liigli  that  it  ought  not  to  be  accepted  without  confir- 
mation, whicli  it  is  not  i)racticable  liere  to  give.  The  large  value  for 
run  off  is  seen  to  result  from  the  abnormal  yield  of  May,  1893,  which 
was  apparently  8.78  inches.  For  the  twelve  months  succeeding  Octo- 
ber 1,  1893,  the  figures  for  rainfall  and  run-off  are  37  inches  and  24.4 
inches,  respectively,  giving  a  ratio  of  06  per  cent;  while  for  the  entire 
period  from  June,  1892,  to  April,  1895,  inclusive,  the  run-off  appears  to 
have  been  67  per  cent  of  the  rainfall  for  the  same  time. 

LITTLE  ANDROSCOGGIN  RIVER. 

This  stream,  which  drains  an  area  of  about  380  square  miles  and 
joins  the  Androscoggin  from  the  west  immediately  below  the  falls  at 
Lewiston,  is  the  only  tributary  of  that  river  of  present  importance 
for  utilized  power.  It  heads  some  30  miles  to  the  northwest  of  Lewis- 
ton,  and,  being  fed  by  numerous  lakes,  has  a  comparatively  steady 
riow.  At  the  two  dams  nearest  the  mouth  the  power  is  owned  by  the 
Little  Androscoggin  Water  Power  Company  and  leased  to  the  users. 
At  the  lower  dam  are  the  Barker  woolen  mills,  having  35  feet  of  fall 
with  400  horsepower  of  wheels,  and  several  small  woodworking  and 
other  establishments,  using  in  the  aggregate  about  250  horsepower. 
At  the  upper  dam  the  fall  is  26  feet,  and  the  power  is  used  by  the 
Auburn  and  Lewiston  Electric  Light  Company.  The  i)rivilege  is 
regarded  as  good  for  300  horsepower  at  all  times.  The  last-named 
comj)auy  also  leases  the  power  at  the  third  dam,  where  it  has  installed 
two  310-horsepower  turbines,  working  under  a  fall  of  about  23  feet. 

At  Mechanic  Falls,  10  miles  above  the  mouth  of  the  river,  the 
Poland  Paper  Company  uses  30  feet  of  fall  and  has  turbines  rated  at 
1,200  horsepower,  while  at  the  succeeding  privilege  a  dam  was  being 
built  in  August.  1896,  to  develop  power  for  the  Mechanic  Falls  Electric 
Light  and  Power  Comi)any.  Above  this  ijoiut  there  is  but  little  use 
of  power. 

PRESUMPSCOT  RIVER. 

On  account  of  its  large  fall,  all  within  a  short  distance  from  tide  water, 
and  especially  because  of  its  considerable  and  well-sustained  flow,  Pre- 
sumpscot  Kiver  is,  in  proportion  to  its  length  and  the  size  of  its  drain- 
age area,  one  of  the  most  attractive  of  the  water-power  streams  of  New 
England.  The  immediate  source  of  the  rivei-  is  in  Sebago  Lake,  a 
magnificent  sheet  of  water  covering,  according  to  Wells,'  some  5(» 
S(iuare  miles  of  surface,  and  lying  17  miles  northwest  of  Portland. 
Crooked  Kiver,  the  principal  feeder  of  the  lake,  heads  35  miles  farther 
toward  the  north  and  within  2  or  :>  miles  of  Androscoggin  River. 
From  Hebago  Lake  the  Presumpscot  flows  southeasterly  about  20  miles, 

'  Water-Power  of  Maine,  p.  143. 
19  (iEOL,  I'T  4  7 
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dischargiug  into  Casco  Bay  a  few  miles  north  of  Portland.  The  basin 
includes  470  square  miles,  as  measured  on  Col  ton's  map  of  Maine,  at 
the  outlet  of  Sebago  Lake,  and  700  square  miles  at  the  niouih  of  the 
main  river.  The  northern  portion  is  mountainous  and  wooded,  while 
the  southern  part  is  moderately  hilly  and  cleared;  granite,  gneiss,  and 
mica-schist  appear  at  many  points,  and  the  soil  is  gravelly  or  sandy. 

According  to  a  survey  made  by  Mr.  Joseph  A.  Warren,  of  Cum- 
berland Mills  (see  fig.  19),  the  fall  from  the  crest  of  the  stone  dam  at 
the  foot  of  Sebago  Lake  to  mean  low  tide  at  the  foot  of  the  lower  falls 
is  265.16  feet  in  a  distance  of  21.65  miles,  or  an  average  of  12.25  feet 
per  mile.    In  the  lower  two-thirds  of  this  distance,  or  from  Gambo 


SS8AG0  lAKC 


'Mean  Lory 


Tide 


Fig.  19. — Profile  of  Presumijscot  River  from  Sebago  Lake  to  tide  water.   Fignrea  on  water  surfaces 

give  elpvations  above  mean  low  tide. 

Falls  to  tide  water,  nearly  seven-eighths  of  the  whole  fiill  of  132  feet 
has  been  improved,  and  an  aggregate  probably  exceeding  6,000  net 
horsepower  is  in  use.  The  balance  of  the  fall,  however,  between  Gambo 
Falls  and  Sebago  Lake,  amounting  to  133  feet,  is  either  unimproved  or 
but  slightly  utilized.  At  Great  Falls,  in  this  stretch,  there  is  a  descent 
of  22  feet,  which  has  been  used  in  the  past,  but  is  now  idle;  it  is  iJio- 
posed,  however,  to  employ  the  power  in  the  generation  of  electricity  for 
delivery  in  Portland. 

By  far  the  largest  users  of  power  on  the  river  are  Messrs.  S.  D. 
Warren  «&  Co.,  paper  manufacturers,  at  whose  plant  at  Cumberland 
Mills  about  3,000  horsepower  is  used  from  all  sources.    Of  this  amount 
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1,500  horsepower  is  from  water  direct,  there  being  a  fall  of  20  feet  here, 
and  the  balance  is  from  steam  and  electricity,  the  latter  being  trans- 
mitted from  the  Lower  Falls,  G  miles  downstream,  at  which  point  there 
is  a  dam  giving  a  iaW  varying  with  the  tide  from  11  to  21  feet. 

Passing  above  Cumberland  Mills,  the  next  power  is  at  Saccarappa, 
where  there  are  two  dams  giving  foils  of  19  and  12  feet,  respectively. 
Ilere  are  the  cotton  mills  of  the  Westbrook  Manufacturing  Company 
and  the  Dana  Warp  Company,  the  power  house  of  the  Westbrook 
Electric  Light  and  Power  Company,  and  several  other  smaller  mills, 
the  total  water  power  used  by  all  the  establishments,  when  in  full  oper- 
ation, being  about  1,900  horsepower.  At  Mallison  Falls  about  300 
horsepower,  under  a  head  of  20  feet,  is  used  at  the  woolen  mill  of  the 
Robinson  Manufacturing  Company,  and  at  Little  Falls  1,000  horse- 
power, with  a  head  of  18  feet,  is  employed  by  the  Sebago  Wood  Board 
Company. 

RECORDS  OF  DISCHARGE  FROM  SEBAGO  LAKE. 

Since  January,  1887,  the  tiow  from  Sebago  Lake  has  been  regularly 
ascertained  and  recorded,  the  quantity  being  deduced  from  the  open- 
ings in  the  regulating  gates  at  the  dam,  the  discharging  capacity  of 
which  under  different  conditions  of  head  has  been  determined  and 
tabulated  by  Mr.  Hiram  F.  Mills,  of  Lowell.  Since  January,  1872,  a 
continuous  record  has  also  been  kept  of  the  level  of  the  lake  surface, 
the  last  ten  years  of  which  record  are  graphically  represented  in  fig.  20. 
An  unusually  complete  and  valuable  series  of  data  has  thus  been 
obtained,  which  has  courteously  been  furnished  for  this  report  by 
Messrs.  S.  D.  Warren  &  Co. 

From  the  diagram  it  will  be  seen  that  the  lake  fills  rapidly  after  the 
1st  of  March,  attaining  its  maximum  height  between  the  middle  of 
April  and  the  1st  of  June,  and  then  gradually  subsides  as  water  is 
withdrawn  for  mill  purposes,  until  a  minimum  stage  is  reached,  some- 
times in  the  autumn,  but  usually  in  the  winter.  For  the  past  ten  years 
the  average  range  for  the  calendar  year  between  extremes  of  lake  level 
has  been  about  5f  feet. 

It  will  be  shown  later  that  the  average  flow  from  the  lake  for  a  series 
of  years  has  been  about  820  cubic  feet  per  second,  and  the  minimum 
about  400  cubic  feet  per  second.  Assuming  400  and  800,  resi)ectively, 
as  approximate  values  for  the  flow;  also  assuming  roughly  225  feet  as 
the  net  fall  in  the  Presumpscot  capable  of  development,  75  per  cent 
as  the  efficiency  of  turbines,  and  not  taking  into  account  additions  to 
the  volume  of  the  stream  below  Sebago  Lake — we  have  above  7,500  net 
horsepower  as  the  constant  available  power  of  the  river,  and  above 
15,000  net  horsepower  as  the  average,  that  is,  the  power  to  be  realized 
about  one  half  the  time. 

The  first  of  tlie  accompanying  tables  records  the  delivery  from  the 
lake  in  average  flow  for  the  working  days  of  each  calendar  month  from 
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1887  to  1896,  inclusive,  with  the  equivalent  in  inches  upon  drainage 
area,  and  in  cubic  feet  per  second  of  continuous  flow  per  square  mile 
of  drainage  area.  From  this  table  alone  it  may  be  seen  how  thoroughly 
the  yield  of  the  basin  is  under  control,  aud  how  relatively  uniform  a 
discharge  is  maintained  from  this  remarkable  reservoir.   For  the  entire 
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Fig.  20.— Surface  levels  in  Sebago  Lake,  1887  to  1896. 


period  of  the  ten  years  under  consideration  the  average  flow,  as  already 
noticed,  was  820  cubic  feet  per  second,  the  minimum  400,  and  the  maxi- 
mum 1,070.  For  oue- third  of  the  entire  period,  however,  the  flow 
varied  not  more  than  10  per  cent  from  the  above  average,  and  for 
nearly  three-fourths  of  the  period  it  varied  not  more  than  20  per  cent 
from  the  average.    These  relations  may  easily  be  seen  from  the  dia- 
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jfrain,  fij?.  21,  in  which  the  flow  is  plotted  by  months  without  reference 
to  calendar  order,  and  on  which  it  is,  therefore,  apparent  for  how  long 
a  time  in  the  aggregate  the  tlow  stood  at  or  above  any  given  figure. 
In  the  succeeding  table  the  How  is  averaged  by  calendar  months  for 


I  TOO 
1600 
ISOO 
'400 
1300 
1200 
HOC 

.^1000 
8  900 
^«00 

t  700 

y  600 

<0  500 

4O0 

300 
200 

100 
0 


r 

r 

} 

'  Dr 

It  1 

<i87- 

1896 

i-* — 

Months 

Fig.  21. — Katu  of  tlow  Irom  Sebago  Xiake,  arranged  by  mouths,  without  regard  to  calendar  ordi  r. 

the  period  under  discussion.  Finally,  in  the  third  table  the  attempt  is 
made  to  bring  out  in  a  summary  the  relation  between  run  off  and  rain- 
fall, the  various  results  of  the  tables  being  shown  to  the  eye  by  the 
diagrams,  figs.  22,  23,  and  24.    There  is  but  a  single  rainfnll  station 
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Fl«.  22.— .Vveratjo  monthly  tlow  Croni  Se- 
bajro  Lake  during  working  days,  1887  to 
1896,  inclusive. 


directly  within  the  tributary  basin,  that  at  North  P>ridgeton,  maintained 
by  a  volunteer  observer,  the  record  covering  a  period  of  three  years 
only.  The  rainfall  records  of  tiie  United  States  Signal  Service  station 
afe  l^ortland  have  therefore  been  used,  as  being  of  the  highest  authority 
and  becau.se  tlie  distance  of  the  station  from  tlie  center  of  the  basin,  35 
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or  40  miles,  does  not  greatly  exceed  that  of  the  nearest  volunteer  stations 
outside  the  basin.  Using  the  Portland  figures,  it  appears  that  for  the 
entire  period  of  ten  years,  1887  to  1896,  inclusive,  the  average  annual 
rainfall  was  45  inches,  and  the  average  annual  run-off  21  inches  or  47 
per  cent  of  the  rainfall.  In  investigating  the  variations  in  percentage  of 
run  off  from  year  to  year  the  natural  divisions  between  the  years  liave 
been  disregarded,  and  in  order  to  avoid  as  far  as  possible  the  influence 
of  varying  amounts  of  snow  or  of  lake  storage  upon  the  apparent  yield 
twelve-month  periods  have  been  selected,  at  the  beginning  and  end  of 
each  of  which  the  lake  level  was  nearly  the  same  and  the  ground  was 
free  from  snow.    For  seven  i^eriods  thus  chosen,  covering  most  of  the 

time  under  discussion,  the  percentage 
of  run-off  ranged  from  43  to  53. 

In  the  following  table  the  first  or 
left  hand  column  of  figures  gives  the 
average  flow  during  the  working  days 
of  the  month,  excluding  Sundays  and 
holidays.  In  other  words,  it  gives  the 
flow  as  it  comes  to  the  mills  for  use. 
When  water  is  not  needed  it  is  found 
practicable,  on  account  of  the  great 
size  of  Sebago  Lake,  to  control  the  flow 
of  the  river.  The  working  days  evi- 
dently make  up  a  varying  percentage 
of  the  total  number  of  days,  being  de- 
pendent upon  the  number  of  Sundays 
and  holidays  in  each  particular  month. 
The  figures  in  the  next  or  second  col- 
umn are  derived  directly  from  those  in 
the  first  column  by  applying  the  proper 
number  of  working  days  for  each  particular  month  and  adding  to  the 
results  the  quantity  equivalent  to  about  the  flow  of  one  working  day. 
This  amount  is  added  from  the  fact  that,  while  nominally  all  flow  is 
shut  off  on  Sundays  and  other  days  when  the  mills  are  not  being  oper- 
ated, there  is  in  fact  a  small  amount  of  water  i^ermitted  to  flow,  the 
quantity  of  which  is  not  accurately  determined.  It  is  sufficient,  how- 
ever, to  consider  this  to  be  the  equivalent  above  stated  of  the  discharge 
during  one  working  day.  The  figures  in  the  third  column  are  derived 
from  those  in  the  second  column,  and  are  not  obtained  directly  by 
dividing  the  average  flow  as  given  in  the  first  column  by  the  extent 
of  the  drainage  area  as  expressed  in  square  miles. 
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Flow  of  xcaterfrom  Sehago  Lake,  1887  to  1897. 
[Drainage  area,  470  square  miles.] 
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Flow  of  water  from  ISebago  Lake,  1887  to  1897 — Continued. 
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1.86 

4.  04 

Mar  ell  

920 

1.  97 

1. 70 

6. 24 

April 

1,  250 

2.  68 

2.40 

,2. 51 

May 

1,  350 

3.  07 

2.  66 

6. 10 

J 11116 

960 

1.  98 

1.  78 

4.53 

Tnlv 

810 

1.  73 

1.  50 

3.  58 

A 11  en  at 

830 

1.78 

1. 55 

2.  99 

September 

870 

1.86 

1.  67 

4. 88 

Ofitnbftr 

970 

2. 16 

1.  87 

6. 82 

November 

970 

1.92 

1.  72 

2.  31 

T)eeftTnber 

1,  010 

2. 16 

1. 88 

5. 08 

Year  

990 

25.28 

1.86 

51.97 

January   

950 

2. 11 

1.83 

7.  71 

960 

1.91 

1.83 

4.31 

March 

1.040 

2. 23 

1.93 

5.48 

April  

1.  (570 

3.  .57 

3. 20 

1.89 

May  

1,  290 

2.  75 

2. 39 

3.  47 

June  

960 

2. 05 

1.84 

2.77 

July  

860 

1.83 

1.59 

4.78 

August  

880 

1.89 

1.64 

1.  15 

September  

900 

1.92 

1.72 

1.94 

October  

920 

2. 03 

1.76 

3.  22 

November  

820 

1.63 

1.46 

2.38 

December  

750 

1.60 

1.S9 

4. 17 

Year  

1, 000 

25.52 

1.88 

43. 27 

a  Corrected  for  Sunday  flow. 
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Flow  of  u  aier  from  Sebatjo  Lake,  1887  to  1897 — Continued. 


Kquivalent  in 

Average  flow 

Equivalent 

cubic  feet  per 

duriiii.^  work- 

in  iuclK'.s  on 

Tear  aiul  month. 

ins  tlays  of 

(Irainn;:*) 

tinuons  tiow 

month.  24 

area  i'or 

ptT  8(|ii:irt.' 

hours  per  (lay. 

mouth,  a 

mile  <»i'  draiu- 

age  area. 

1892. 

tecond. 

790 

1.70 

1.47 

Febriiarv   

810 

1. 67 

1 .  S.T 

March  

770 

1.70 

1.47 

April  

710 

1.53 

1.37 

Mav  

730 

1.55 

1.35 

710 

1.52 

1.36 

Jnlv  

880 

1.  82 

1.58 

Au<IU8t  

830 

1.85 

1.60 

730 

1.56 

1.39 

October  

600 

1.29 

1.12 

November  

570 

1.17 

1.05 

December  

580 

1.23 

1.07 

i6\) 

18.  59 

1893. 

January   

590 

1.26 

1.09 

February   

oyu 

1.1b 

March  

590 

1.31 

1.13 

April   

540 

1.11 

0. 99 

Mav  

710 

1.57 

1.36 

.Inm-  -■  

830 

1.7S 

1.59 

Julv  

770 

1.58 

1..37 

August  

750 

1.65 

1.44 

Sei)teinber  

790 

1.69 

1..51 

October  

750 

1.61 

1.40 

720 

1.48 

1.33 

December  

840 

1.74 

1.51 

Year  

710 

17.94 

1.32 

1894. 

.January  

830 

1.85 

1.60 

February   

780 

1.53 

1.47 

March  

630 

1.39 

1.21 

April  

580 

1.20 

1.08 

May  

(590 

1..53 

1.33 

June  

720 

1.54 

1.38 

July  

800 

1.65 

1.43 

Aufjust  

(580 

1..50 

1.30 

September  

560 

1.  16 

1.04 

Rainfall  for 
month. 


Inches. 
4.22 
2. 18 
2.  27 
1.04 
4.41 
4.60 
2.68 
8. 14 
2. 89 
1.64 
3.76 
1.32 


39. 15 


2. 19 
4. 51 
3.58 
3.71 
7.  .-)9 
3. 62 
0.  96 
2.74 
2. 33 
5. 13 
1.83 
5.42 

43.61 


3. 13 
2.70 
1.97 

2.  .55 
7.  33 
2.01 
2.96 

3.  27 
2.  76 


a  Corrected  for  Sunday  How. 
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Flow  of  water  from  Sehaf/o  Lake,  1S87  to  1897 — Continued. 


Equivalent  in 

Average  flow 

Equivalent 

cubic  feet  per 

durinu;  work- 

lu inches  on 

second  of  con- 

Tear 

and  month. 

ing  days  of 
month,  24 

drainage 
area  for 

tinuous  flow 
per  .square 

Rainfall  for 

hours  per  day. 

month,  a 

mile  of  drain- 

age area. 

1894. 

Cubic  feet  per 

second. 

Inches. 

October  . 

550 

1.22 

1.06 

4.65 

November, 

540 

1.12 

1.00 

2.05 

December 

670 

1.39 

1. 20 

1.75 

\  ear 

D  lu 

17  Oft 
J-  f .  Uo 

1.  ZD 

O  1  .  lo 

1895. 

January 

750 

1.67 

1.45 

2. 47 

February  . 

1    ^  1 
1.  41 

1.  OO 

V.  Vi 

March  

650 

1.39 

1.21 

3.37 

April  

550 

1. 18 

1.06 

5.95 

May  

710 

1.57 

1.37 

1.59 

June  

690 

1.42 

1.27 

1.97 

J"iy  

580 

1.24 

1.08 

3.  59 

August..  . 

540 

1.20 

1.04 

4.72 

September 

580 

1.20 

1.07 

1.79 

October 

530 

1. 17 

1.02 

1.91 

November  . 

400 

0. 83 

0. 74 

7.18 

December 

470 

0. 96 

0. 84 

3.30 

Year 

600 

15.24 

1.12 

38.  78 



1896. 

January 

500 

1.07 

0. 93 

2. 00 

1.  iU 

1  AO 

0.  z7 

March  

470 

1.01 

0.  88 

8.02 

April  

600 

1.29 

1.16 

1.65 

May  

950 

2.03 

1.76 

3.21 

June  

900 

1.92 

1.72 

2.23 

July  

890 

1.90 

1.65 

3.10 

A  n  o'lisf, 

810 

1  79 

September 

700 

1.50 

1.34 

9.  57 

October 

720 

1.60 

1.39 

3.19 

November 

770 

1.53 

1.87 

2.  45 

December 

810 

1.74 

1.51 

2. 18 

Year 

720 

18.41 

1.36 

45.  44 

1897. 

January  . 

817 

1.75 

1.51 

4.09 

February  , 

775 

1.53 

1.47 

2. 60 

749 

1.66 

1.44 

4.55 

a  Corrected  for  Sunday  flow. 
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Year  and  month. 


Average  flow 
(luring  work- 
ing  (lays  of 
iiioiitli,  24 
hours  i)erday. 


I  JKquivalent  in 
Equivalenl.  i  eubie  feet  per 
in  inches  on'  second  of  con- ' 


1897 

April  

May  

Juno  

July  

August  

September  

October   

November  

December  

Year  


drainage 
area  for 
month,  a 


tiiniuus  How 
l)ef  s(iiiare 
niil(!  of  drain- 
age area. 


Rainfall  for 
month. 


Cubic  feet  per 
second. 

Inches. 

545 

1. 16 

1.04 

2.  60 

681 

1.45 

1.26 

5. 87 

823 

1.76 

1.58 

4.97 

908 

1.94 

1.68 

2.62 

1,110 

2.37 

2.06 

1.41 

973 

2. 08 

1. 86 

2. 34 

973 

2.08 

1.80 

0. 46 

850 

1.75 

1.57 

6.  69 

883 

1.89 

1.  64 

4.22 

841 

21.42 

1..58 

42. 42 

a  Corrected  for  Sunday  flow. 
Flow  of  ivatcr  from  Sehago  Lake,  1887  to  1896,  averaged  for  calendar  months. 


Average  flow 
during  work- 
ing (lays  of 
niontli,  24 
hour.s  per  day. 

Kqiiivalent 
in  inches 
on  drainage 
area  dur- 
ing month. 

Equivalent  in 
cubic  feet  jier 
second  of  con- 
tinuous flow 
per8(iuare  mile 
of  drainage 
area. 

Rainfall  for 
month. 

Cubic  feet  per 
second. 

Inches. 

.820 

1.78 

1.54 

3. 80 

820 

1.63 

1.55 

3. 78 

800 

1.74 

1.51 

4. 15 

880 

1.86 

1.67 

3.04 

980 

•  2.14 

1.86 

4.16 

860 

1.83 

1.64 

3. 18 

830 

1. 74 

1.51 

3. 14 

800 

1.75 

1.52 

3. 93 

780 

1.65 

1.47 

.3.  76 

760 

1.66 

1.44 

4.00 

7.50 

1.52 

1.36 

4.21 

790 

1.66 

1.44 

3.81 

820 

20.96 

1.56 

44.96 

Month. 


January . . . 
February . . 

March  

April  

May  

June  

July  

August  

September 
October  ... 
November . 
December  . 

^'ear 
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Summary  of  ijield  of  Sebago  Lake  for  selected  twelve-month  periods. 


Ratio  of 

Period. 

Rainfall. 

Run-off. 

run-off  to 

rainfall. 

Inches. 

Inches. 

Per  cent. 

Oct.  1, 1887,  to  Oct.  1,  1888  

51.98 

24.31 

47 

Oct.  1,  1888,  to  Oct.  1,  1889  

45. 18 

•23. 89 

53 

Sept.  1, 1889,  to  Sept.  1, 1890   

51.75 

24. 45 

47 

Oct.  1 ,1891,  toOct.  1, 1893  (mean  fortwo years) 

40.  07 

18.48 

46 

Dec.  1, 1893,  to  Dec.  1, 1891  

40.  80 

17.43 

43 

Aug.  1, 1894,  to  Aug.  1, 1895   

34. 36 

16. 27 

47 

Yearly  average,  Jan.  1,  1887,  to  Jan. 

1,1897   

44.  96 

20.96 

47 

SACO  RIVER. 

The  remote  vsource  of  Saco  Eiver  is  iu  the  White  Mountain  region  of 
New  Hami>shire,  within  a  quarter  of  a  mile  of  the  Crawford  House,  at 
an  elevation  of  nearly  1,900  feet  above  the  sea.  Thence  the  stream  flows 
southeasterly  into  Maine,  and  after  running  105  miles,  measured  from 
its  source,  discharges  into  Saco  Bay,  15  miles  to  the  southwest  of  Port- 
land. The  drainage  basin  contains  about  1,750  S(|uare  miles,  equally 
divided  between  Maine  and  New  Hamijshire.  The  upper  portion  is 
mountainous  and  heavily  wooded,  succeeded  lower  down  by  less  rugged, 
undulating  surfaces,  and  finally  subsiding,  as  the  sea  is  approached, 
into  a  level  and  cleared  country.  The  surface  covering  is  mainly  sand 
and  gravel,  but  granite  crops  out  abundantly  throughout  the  basin. 

For  the  first  12  miles  from  its  source  the  Saco  is  a  mountain  rivulet 
in  summer  and  a  torrent  in  spring,  falling  over  1,100  feet  in  the  entire 
distance,  or  about  90  feet  per  mile.  In  the  next  18i  miles  the  average 
slope  in  successive  intervals  steadily  diminishes  from  28.5  feet  per  mile 
to  6.8  feet  per  mile,  the  fall  in  the  entire  distance  from  the  western 
boundary  of  the  town  of  Bartlett  to  the  railroad  crossing  at  Conway 
Center  amounting  to  333  feet.  Next  follows  a  long  stretch  of  dead 
water,  with  a  fall  of  only  09  feet  in  28  miles,  or  2.5  feet  per  mile.  Then 
are  encountered  the  Great  Falls,  at  the  town  of  Hiram,  where  the 
Saco  descends  72  feet  in  about  900  feet;  and  finally,  for  the  40  miles 
to  tide  water  at  Biddeford  and  Saco,  the  fall  amounts  iu  the  aggregate 
to  271  feet,  or  about  0.6  feet  per  mile  as  an  average.  The  details  of 
drainage  area  at  different  points  and  of  fall,  substantially  as  given  by 
Prof.  George  F.  Swain  in  Volume  XVI,  Tenth  Census  of  the  United 
States,  are  presented  below : 

Drainage  areas  of  Saco  Biver, 


Sq.  miles. 

Fryeburg   439 

Great  Falls,  at  Hiram   856 

Highland  Rips     1,  366 

Bonny  Eagle  Falls   1, 578 


Sq.  miles. 

Salmon  Falls   1,628 

Union  Falls   1,677 

Saco  and  Biddeford   1,  734 

Mouth   1,  753 
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Locality. 


Distance 
between 
points. 


Source  of  river  

Western  boundary  of  Bartlett  .. 

Month  of  Rocky  Branch  

Mouth  of  Ellis  River  

Portsmouth,   Great  Falls  and 

Conway  K'.  K.  crossing  

Conway  Center,  K.  1{.  crossing  . 

Head  of  Great  Falls  

Foot  of  Great  Falls  

Month  of  Ossipee  River  

Tide  water  at   Biddeford  and 

Saco  


Average 
fall  ])er 
mile  be- 
tweeu 
l)oiuts. 


Feet. 

90.8 
28.5 


24. 


13 


6.8 
2.5 


6.6 


The  important  portion  of  the  river,  as  regards  wjiter  power,  is  that 
extending  from  Great  Falls  to  tide  water,  covering,  as  has  been  noticed, 
271  feet  of  fall  in  about  40  miles,  with  a  drainage  area  increasing  from 
856  to  1,734  square  miles.  The  principal  owner  of  power  is  the  iSaco 
Water  Power  Company,  controlling  privileges  at  Biddeford  and  Saco, 
Union  Falls,  Salmon  Falls,  and  Hiram. 

UTILIZED  POWER. 

At  Biddeford  and  Saco  the  river  falls  over  trap  ledges,  giving  a 
total  descent  from  above  the  upper  dam  to  tide  water  of  about  40  feet, 
fluctuating  somewliat  with  the  tide.  At  the  Upper  dam,  where  the 
fall  is  0.^  feet,  the  power  is  used  only  by  a  sawmill.  The  remaining  fall 
of  33  or  34  feet,  constituting  the  principal  power,  is  utilized  by  three 
cotton  manufacturing  companies.  The  York  ^Manufacturing  Company, 
whose  mill  is  on  an  island  in  the  river,  owns  11  mill  i)owers,  corre- 
si)ouding  with  30  feet  of  fall  to  -J7.")  cubic  feet  i)er  se(;ond  of  water,  or 
937  gross  horsepower.  Of  the  remaining  power  the  Pepperell  Manu- 
facturing Com])any  owns  four-sevenths  and  the  Laconia  Manufacturing 
Comi)any  three-sevenths.  These  two  comjtaMies  control  the  Saco 
Water  I'owor  Company,  the  nominal  owner  of  the  ])Ower.  Their  mills 
are  on  the  south  bank  of  the  river,  wiiere  by  a  dam  across  the  south 
arm  the  total  fall  of  or  .'U  feet  is  divided  into  two  falls  of  about 
equal  amount,  the  Pepi)erell  company  using  the  upper  and  the  Laconia 
the  lower.  The  two  comi)anies  have  a  total  of  about  4,500  horse- 
power of  turbines,  but  can  obtain  the  full  cai)acity  of  these  probably 
not  more  than  two  thirds  of  the  year,  duiing  the  rest  of  the  time 
having  to  rely  largely  upon  steam  power,  of  which  they  have  3,700 
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horsepower.  The  pondage  here  is  small,  but  is  sufiBeieut  at  points 
uijstream  to  store  all  the  uight  flow  in  low  stages. 

At  Union  Falls,  some  8  miles  above  Saco,  a  fall  of  15  feefc  is  caused 
by  a  dam  maintained  for  the  purpose  of  holding  storage  above.  This 
dam  is  owned  by  the  Saco  Water  Power  Company,  as  is  also  the  suc- 
ceeding one,  20  feet  high,  at  Salmon  Falls;  but  the  power  at  both  of 
them,  as  well  as  that  represented  in  considerable  rapids  below  the 
dams,  is  unutilized.  At  Salmon  Falls,  shown  in  PI.  XV,  B,  the  total 
descent  is  said  to  be  62  feet  in  3,500  feet,  the  river  running  through  a 
narrow,  rocky  channel,  with  almost  vertical  banks.  The  next  privilege 
is  at  Bar  Mills,  at  which  ijoint  the  Portland  and  llochester  Railroad 
crosses  the  river.  A  fall  of  18  feet  is  available  here,  and  the  power  is 
partly  utilized  by  a  furniture  factory,  a  gristmill,  and  two  sawmills. 
Four  or  five  miles  above  are  Moderation  Falls,  at  which  a  head  of  16 
feet  is  obtained,  the  power  being  used  for  small  woolen  mills  and  saw- 
mills. A  mile  or  two  farther  upstream,  and  somewhat  less  than  20 
miles  due  west  of  the  city  of  Portland,  are  Bonny  Eagle  Falls,  the 
power  at  which  is  for  sale  by  the  E.  T.  Burrowes  Company,  of  Port- 
land. A  small  sawmill  situated  on  an  island  at  the  head  of  the  falls 
is  the  only  present  user  of  power.  Below  the  dam  heavy  rajiids  extend 
for  perhaps  half  a  mile  downstream,  giving  a  total  fall  on  the  privi- 
lege of  48  feet.  The  power  is  an  important  one,  and  the  site  pre- 
sents favorable  features  with  respect  to  pondage  and  facilities  for 
improvement. 

Five  or  six  miles  above  Bonny  Eagle  are  heavy  rapids  extending  a 
third  of  a  mile  along  the  stream,  constituting  what  are  known  as  Lim- 
ington  Falls;  and  again,  about  a  mile  farther  up  the  river,  are  other 
rapids  a  quarter  of  a  mile  in  length.  The  fall  at  these  two  localities 
is  given  by  Wells  ^  as  65  feet  and  26  feet,  respectively,  but  the  figures 
seem  much  too  high.  At  the  head  of  the  lower  or  principal  falls  the 
banks  are  rather  low  on  each  side,  but  a  short  distance  downstream 
there  is  a  rocky  island  and  the  river  banks  are  also  of  ledge,  oifering  a 
favorable  location  for  a  dam.  The  river  is  probably  from  250  to  350 
feet  wide  in  this  portion  of  its  course.  The  next  water  power  is  at 
Steep  Falls,  about  2  miles  up  the  river  from  the  upper  rapids  just 
mentioned,  and  some  25  miles  above  the  x)ower  at  Saco  and  Biddeford. 
At  this  point  a  log  dam,  seventy-five  years  old,  gives  a  fall  of  about  12 
feet  at  the  maximum,  power  being  used  by  a  gristmill,  heading  mill, 
and  shingle  mill.  Above  Steep  Falls  there  are  said  to  be  occasional 
rapids  along  tlie  river,  probably  the  most  prominent  being  High- 
land Rips,  before  reaching  Great  Falls,  in  Hiram,  shown  in  PI.  XVI, 
which  are  about  45  miles  above  tlie  mouth  of  the  river.  Here  the  Saco 
descends  in  successive  pitches  a  total  of  72  feet  in  900  feet.  An  island 
divides  the  stream  at  the  head  of  the  falls,  the  banks  are  of  ledge,  and 
the  topography  appears  favorable  for  the  development  and  utilization 
of  the  power.    The  Maine  Central  Railroad  from  Portland  to  Conway 
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skirts  the  east  bank  of  the  river  at  the  foot  of  the  falls.  This  privilege, 
which  is  one  of  exceptional  importance,  is  owned  by  the  Saco  Water 
Power  Company,  and  is  entirely  unimproved. 

Above  (Ireat  Falls  there  is  quiet  water  for  some3()  miles,  constituting 
valuable  pondage  for  the  privilege  just  described;  but  beyond  this 
stretch  the  river  has  too  small  a  drainage  area  and  too  variable  a  flow 
to  demand  attention  here. 

CHARACTERISTICS  WITH  RESPECT  TO  FLOW. 

Xo  records  are  available  of  actual  measnrements  of  the  Saco.  Tn  his 
report  of  18G9  Wells  states'  that  in  a  snmmer  drought  the  discharge  at 
Saco  was  equal  to  300  cubic  feet  per  second,  average  for  the  twenty-four 
hours ;  and  in  his  report  of  1880  Professor  Swain  estimated^  the  minimum 
flow  there  at  not  far  from  2.")0  cubic  feet  per  second,  average  for  the 
twenty-four  hours.  Owing  to  the  mountainous  character  of  the  upper 
basin,  that  part  of  the  river  is  subject  to  excessive  fluctuations  in  vol- 
ume, which  are  reduced,  however,  in  the  lower  river  by  the  natural  hold- 
ing back  of  the  floods  at  the  head  of  (Ireat  Falls  and  by  the  effect  of  the 
gentler  slopes  of  the  lower  basin  and  the  storage  in  its  lakes  and  ponds. 
The  extreme  range  between  high  and  low  water  is  given  by  Wells  as 
12  feet  at  Great  Falls,  G  feet  at  Bonny  Eagle  Falls,  and  from  8  to  10 
feet  at  Saco.  The  lakes  in  the  basin  are  numerous,  though  not  large, 
and,  according  to  Wells,  comprise  81  square  miles  of  surface.  The 
Saco  Water  Power  Company  itself  controls  Great  Ossipee  Lake,  cover- 
ing 3,809  acres,  with  5  feet  of  storage;  Moose  Lake,  covering  1,048 
acres,  with  9|  feet  of  storage;  and  four  other  ponds,  rangiug  in  size 
from  l."iO  to  525  acres  and  in  depth  of  storage  from  4  to  9  feet. 

The  largest  tributary  of  the  Saco  is  the  Ossipee,  which  discharges 
from  the  west  not  far  below  Great  Falls.  It  heads  in  Ossipee  Lake,  in 
New  Hampshire,  and  has  a  length  of  about  20  miles,  with  a  drainage 
area  of  470  scjuare  miles.  The  storage  in  Ossipee  and  other  lakes 
serves  to  render  the  flow  quite  uniform,  and  this  fact,  combined  with 
the  considerable  fall,  amounting  to  142  feet  below  the  source,  gives  the 
stream  value  for  power. 

NORFIIEUX  ATLANTIC  STREAMS  OTHER  THAN  THOSE  OF 

MAINE. 

MERRIMAC  RIVER. 

A  record  of  the  daily  discharge  of  Merrimac  River  at  Lawrence, 
Massachusetts,  has  been  kei)t  for  a  series  of  years  by  Mr,  ITirain  F. 
Mills,  engineer  <;f  the  Essex  Company.  In  Bulletin  No.  140,  p.  34,  were 
l)ub]ished  tlie  montlily  estimates  lor  the  years  1892  to  189.>,  inclusive. 
The  record  for  189G  and  1897  has  also  been  obtained  from  Mr.  Mills  and 
his  assistant,  ]Mr.  It.  A.  JIale,  and  is  given  herewith,  together  with 
revised  figures  for  the  years  1890  to  1895,  inclusive. 

Mr.  Hale  calls  attention  to  (lie  fact  that  the  minimum  discharge  in 

•Water-Power  of  Maine,  p.  76.  'Tenth  Census  U.  S.,  Vol.  XVI  I'iirt  I,  p.  72. 
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second-feet  does  not  have  the  same  significance  as  in  the  case  of  a 
river  not  so  completely  controlled  by  dams.  During  dry  months  the 
lowest  flow  or  (junntity  in  the  river  usually  occurs  on  Sunday,  when 
the  water  is  held  back  by  the  Lawrence  dam  and  by  other  milldams 
at  points  above.  The  quantity  flowing  at  these  times  is  merely  the 
leakage  through  the  canals  and  other  structures.  Thus  the  minimum 
discharge  recorded  at  this  time  has  no  connection  with  the  natural 
flow  of  the  stream,  as  in  times  of  drought  au  attempt  is  made  to  hold 
all  of  the  water.  If  the  i)onds  are  drawn  down  on  Saturday  there  may 
be  no  flow  on  the  following  day.  Thus  for  purposes  of  comparison  it 
is  desirable  to  take  not  the  minimum  flow  per  day  but  rather  that  for 
a  week  or  ten  days  in  succession. 


15,  000 
12, 500 
10,  000 
7,  500 
5,  000 
2, 500 
0 


q  II  II '  niiiiiniiiiiiv  i 
'  n  liiHiii  I  ir 

'"'"niwiurii  ' 


'  !  '  Ml  V" 


Fig.  25.— Discharge  of  Merrimac  River  at  Lawrence,  Massachusetts,  1896  and  1897. 
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Estimated  monthly  discharge  of  Merrimac  River  at  Lawrence,  Massachusetts. 


[Drainage  area,  4,553  square  miles.] 


Discharge  in  second-feet. 

Kun-otf. 

Month. 

Total  in  acre- 

Second- 

Maxi' 

Mini- 

Mean. 

leet. 

Depth  in 

feet  per 

mum. 

mum. 

inches. 

square 

mile. 

1890. 

10,  480 

4,  280 

6,  955 

197  fidfi 

4^  J  y  \J'±\J 

1.76 

1.53 

February   

21, 300 

3, 750 

7,  721 

428,  802 

1.77 

1.  70 

ilareli  

25,  200 

8, 150 

15,  667 

963,  326 

3.  97 

3.  44 

April  

24,  350 

11,  630 

17,  244 

1,  026, 089 

4.  23 

3.  79 

Mav  

24,  500 

7,  980 

14, 285 

878,  350 

3. 62 

3. 14 

June  

13,  900 

2,850 

7,881 

468,  952 

1.93 

1.73 

July  

6, 560 

620 

3, 161 

194,  362 

0. 79 

0. 69 

August  

12,  700 

590 

3, 406 

209, 426 

0.  86 

0.  75 

September  

22,  990 

3,  .350 

8,  397 

499,  656 

2.05 

1.84 

October   

31,450 

4, 480 

12,  314 

757, 158 

3. 11 

2. 10 

November  

15,  260 

4, 130 

8,  871 

527, 861 

2. 18 

1.95 

December  

13, 560 

3,660 

6, 573 

404, 158 

1.66 

1.44 

'PI  1ft  VA'I  f 

31, 450 

590 

9,373 

fi  78*1  78fi 

27. 93 

2.06 

1891. 

32, 200 

4,  760 

13,  298 

817  662 

3.  37 

2. 92 

February   

29,  800 

7,  870 

13, 499 

749,  696 

3.  08 

2.  96 

March  

41,  200 

11,  750 

23, 618 

1,  452,  214 

5. 98 

5. 19 

April   

31,  700 

11,  480 

21,519 

1, 280,  469 

5.28 

4.  73 

May  

11,270 

4, 540 

7,347 

451,  749 

1.86 

1.61 

June  

7,  600 

2,  430 

4, 542 

270,  268 

1.11 

1.00 

July  

4,  040 

730 

2, 895 

178,  007 

0.  74 

0.64 

August  

5, 120 

640 

2,  460 

151,  259 

0. 62 

0.  54 

September  

3, 830 

580 

2,544 

151,  378 

0. 62 

0.  56 

October  

2,  680 

450 

2, 137 

131,  399 

0. 54 

0.  47 

November  

5,  400 

280 

2,  469 

146, 916 

0.  60 

0..54 

December  

14, 130 

760 

4,113 

252, 899 

1.04 

0.  90 

The  year  

39,000 

280 

8,370 

6, 033, 916 

24. 84 

1.84 

1892. 

January  

20,  400 

.3,170 

8,  524 

524, 120 

2. 16 

1.87 

February  

7, 170 

1, 890 

4,302 

247,  454 

1.01 

0. 94 

March  

13, 510 

3,  790 

7,  330 

450,  704 

1.  86 

1. 61 

April  

16,600 

4,410 

8, 150 

484, 959 

2.00 

1.79 

May  

24, 800 

4,  300 

10, 233 

629, 203 

2.59 

2.25 

June  

14. 120 

2,  960 

5,  819 

346,  255 

1. 43 

1.28 

July  

13,0:^0 

360 

4,  757 

292,  497 

1.21 

1.05 

21,600 

505 

4,  807 

295,  570 

1.22 

1.06 

September  

8,  260 

565 

3,944 

234, 684 

0. 97 

0. 87 

19  GEOL,  PT  4  8 
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Estimated  monthly  discharge  of  Merrtmae  River  at  Lawrence,  ilfassoc/iMse/t.'i— Continued. 


Discharge  in  second  feet. 

Run-off. 

Total  in  acre- 
feet. 

Second- 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

feet  per 
square 

mile. 

1892. 

October  

3, 195 

oocr 

225 

2, 16b 

131, 338 

A  A 

0.  o4 

A    J  T 

0.  47 

November  

01  f\f\f\ 

21,  900 

1  nor" 

1,  995 

b,  494 

386,  419 

1.  bO 

A  Ar> 

1.  43 

December  

O,  ooU 

Z,  b4U 

Q  QQ1 
O,  VOL 

241,  708 

A 

U.  Ob 

The  year  

24, 800 

225 

5,  869 

4,  264,  911 

17. 58 

1.29 

1893. 

January  

6,869 

710 

2,949 

181,  327 

0.  75 

0.  65 

February  

11,  493 

1, 142 

4, 995 

211, 409 

1  15 

1. 10 

March  

Zo,  OUO 

6j  uyb 

1 A  TOQ 

10,  7.^3 

659,  331 

O  'TO 

Z.  IZ 

o 

Z.  ob 

April  

on  1  nn 

10,  Obo 

926, 063 

Q  CO 

Q  ,1  O 
o.  iZ 

May  

44,  SOU 

n  OOA 

1,  M\J 

ly,  504 

1, 199,  254 

A  OO 

4.  yo 

A  OQ 

4.  Zo 

June  

b,  045 

3, 115 

A    A  r\A 

4,  404 

262,  056 

1  AQ 

1.  Oo 

A  A*? 

0.  97 

July  

O,  ODO 

oUo 

146,  893 

U.  bU 

A  r^o 

u.  az 

August  

b,  004 

435 

O  KOO 

Z,  58J 

158,  761 

U.  bb 

A  C7 

0.  57 

September  

ci  0/4  a 
b,  .ii4b 

1    oi  1 

1,  zll 

2,  78j 

165,  540 

A  dQ 

0.  bo 

0.  bl 

October  

11,  DOU 

zob 

6,  bl4 

222,  215 

A  OI 

u.  yi 

A  '70 

u.  /y 

November  

ti  oon 
b, 

1     A  OC\ 

1,  430 

3,  .:)bb 

200,  291 

A  QO 

U.  oZ 

A  HA 

U.  /4 

December  

o,  440 

6,  z40 

5,  329 

327,  667 

1  OK 
1.  OO 

1.  1/ 

The  year  

44,  800 

286 

4,850 

4, 726,  807 

19. 47 

1. 43 

1894. 

January  

5,  000 

1,000 

3,  022 

185, 815 

0. 76 

0.66 

February   

9,600 

1,  000 

4, 274 

237,  336 

0.98 

0.  94 

27, 900 

3, 100 

14,  375 

883,  884 

3. 64 

3. 16 

April    

20, 880 

6,  720 

11,  085 

659,  603 

2.71 

2, 43 

Mav  -  - 

19, 130 

2,  540 

6,992 

429,  921 

1.  78 

1.54 

June  

15, 150 

2,  310 

6,033 

358,  988 

1.48 

1.33 

J"iy  

3,712 

223 

2,  278 

140,  069 

0. 58 

0. 50 

August  

2,524 

193 

1,  695 

0.  43 

0.  37 

September  

4, 063 

104 

1, 831 

108,  951 

0.  45 

0. 40 

October  

3, 589 

209 

2, 254 

138,  593 

0. 58 

0. 50 

November  

5,  935 

1, 479 

3, 549 

211, 180 

0. 87 

0. 78 

December  

5, 198 

961 

3,033 

186, 491 

0. 77 

0. 67 

The  year  

27,  900 

104 

5,035 

3,  645, 052 

15.03 

1. 11 

1895. 

January  

4,078 

710 

■  2, 887 

177,  514 

0. 72 

0. 63 

February   

3, 432 

877 

2,319 

128,  790 

0. 53 

0.  51 

March   

10,  480 

1,  595 

5,857 

360, 133 

1.48 

1.28 
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Estimated  monthly  discharge  of  Merrimac  Hirer  at  Lawrence,  Massachusetts — Contimu'd 


Discharge  in  second-feet. 

Run-off. 

Month. 

Total  in  acre- 
feet. 

Sficoiul- 

Maxi- 

Miiii- 

M  uaii. 

Deptli  in 

feot  per 

mum. 

lllUIII. 

inches. 

square 

niilo. 

\Tiril 

65,  300 

6,  740 

1!),  840 

1  180  .561 

4.85 

4.35 



9,  950 

2,649 

6,233 

QQO  OKO 
OOO,  ZDJ 

1.58 

1.37 

.J  uue   

4,  701 

569 

3,038 

lOU,  t  to 

0. 74 

0.  67 

•July  

4, 274 

257 

2,  583 

I ^ft  QOO 
lOo,  O^Z 

0. 66 

0. 57 

3,  409 

307 

2,180 

0. 55 

0.48 

September  

2,974 

71 

1,  673 

0.41 

0.  37 

11,  959 

429 

4,  010 

^tXif  OOO 

1.01 

0.  88 

19, 100 

3,  422 

9,558 

KCQ  7,1(1 

2.34 

2. 10 

1  1 A    A  m  ^  1 X  ^  V* 

17, 100 

4,  580 

9, 404 

ViH  99Q 

2. 38 

2.06 

The  year ... 



65,  300 

71 



5,799 

4, 196,  973 

17.25 

1. 27 

1896. 

 _ 

.Taiuiary  

21,  600 

3,  3.35 

6,  546 

402,  497 

1.66 

1.44 

1  ebriiarv  

27,  000 

2,  160 

9. 109 

523,  956 

2. 16 

2.00 

March  

82, 150 

8,100 

21,  0.54 

1, 294,  560 

5. 33 

4. 62 

A  pril 

30, 100 

9, 120 

18,  234 

1,  084,  998 

4.  46 

4.00 

8,  040 

1,920 

4,  438 

979  889 

1.13 

0.98 

5,  720 

1,080 

3,  518 

0.85 

0.  77 

1 11 1  \- 

3, 278 

203 

2,042 

19t 

0. 52 

0. 45 

All  mi 

3,  209 

183 

2, 019 

0.51 

0. 44 

5,  919 

620 

3,122 

J.01,  loo 

0.  74 

0.67 

Itrf^        1  k  AT* 

10.  749 

2,282 

.5, 186 

^18  87n 

1.31 

1. 14 

19,  573 

3, 564 

6,  662 

1.63 

1.46 

8,  046 



1,  520 

4,  359 

'>68  025 

1. 10 

0.  96 

The  year  

82, 150 



183 

7, 187 

5,  203,  029 

21.40 



1.58 

1897. 

January  

7,  325 

1,  721 

3,  409 

209,  611 

0.86 

0.  75 

l'(;bruar\   

Q    t  O"? 

y,  izi 

1,  !>UJ 

4,  o/l 

253,  862 

1.  (to 

1.  01 

March  

18,  717 

3, 636 

10,  571 

649,  985 

2.  68 

2.  32 

1  April   

24,  513 

10,  947 

17, 612 

1, 047,  928 

4. 32 

3. 87 

1  Mav  

24,  681 

5,676 

10, 117 

622, 070 

2. 56 

2. 22 

40, 872 

5,  24(5 

12,  708 

756, 179 

3.11 

2.  79 

July  

41,  499 

3, 370 

10,  799 

664,  004 

2.  74 

2.  37 

9,220 

2.  860 

072 

311,  865 

1.  29 

1. 12 

September  

4, 460 

1,044 

2,  759 

161, 172 

0.68 

0.61 

3,  805 

176 

2,207 

135,  703 

0.  .55 

0.  48 

November  

9,714 

2,  374 

5,  827 

346, 731 

1.43 

1.28 

December  

36,  800 

3,  216 

10,  376 

637,  995 

2.  63 

2.28 

The  year  

41,  499 

176 

8,002 

5, 800, 105 

23.90 

1.76 
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CONNECTICUT  RIVER. 

The  daily  flow  of  Connecticut  Kiver  at  Holyoke,  Massachusetts,  has 
been  comi^uted  by  engineers  of  the  Holyoke  Water  Power  Company 
The  results  of  their  computations  have  been  obtained  through  the 
kindness  of  Mr.  A.  F.  Sickmau.  The  figures,  by  months,  from  1880  to 
1895  are  published  in  Bulletin  No.  1-iO,  on  pages  37  to  41.  The  princi- 
pal facts  for  the  flow  during  the  years  1896  and  1897  are  contained 
in  the  following  table,  and  the  daily  fluctuations  are  shown  in  tig.  26. 
The  quantities  obtained  from  Mr.  Sickmau  are  the  average  daily 
amount  drawn  from  the  pond  above  the  dam,  and  represent  the  dis- 
charge of  the  river  except  at  such  times  as  the  surface  falls  below  the 
crest  of  the  dam  when  the  water  is  ponded  over  night  and  during 
Sunday. 

Estimated  monthly  discharge  of  Connecticut  River  at  Holyoke,  Massachusetts. 


[Drainage  area,  8,660  square  miles.] 


Discliarge  in  secoud  feet. 

Run-off. 

Month. 

Maxi- 

Mini- 

Mean. 

Total  in 
acre-feet. 

Dejith  in 

Second- 
feet  per 

mum. 

mum. 

inches. 

square 

mile. 

1896. 

January  

47,  3.50 

5,  800 

10,  882 

669, 

108 

1.45 

1.  26 

February   

20,  750 

4,  800 

9,  096 

523, 

208 

1. 13 

1.05 

Martli  

112,  050 

8,  550 

27,216 

1,  673, 

446 

3. 62 

3.14 

April  

89,  200 

17,  700 

42,  363 

2,  520, 

773 

5. 46 

4.89 

May  

18,  300 

4,  850 

9,  684 

595, 

446 

1.29 

1. 12 

June  

8,  8.50 

2,  550 

5,  357 

318, 

764 

0.  69 

0.  62 

July  

6,050 

750 

3, 684 

226, 

520 

0. 48 

0. 42 

August  

4,650 

450 

2,  965 

182, 

311 

0. 39 

0. 34 

September  

8,  450 

700 

4,  768 

283, 

715 

0.61 

0.  55 

October  

22, 100 

3,  500 

10,  971 

674, 

580 

1.46 

1.27 

November  

30,  450 

7,  900 

14, 115 

839, 

901 

1.82 

1.-63 

December  

17,  900 

3, 400 

7,624 

468, 

782 

1. 01 

0. 88 

The  year  

112,050 

450 

12, 394 

8,  976, 

554 

19. 41 

1. 43 

1897. 

January  

10,  350 

2,  300 

5,  Oil 

308, 

114 

0.  67 

0. 58 

February   

14,  250 

2,550 

5,  780 

321, 

005 

0.  70 

0.  67 

March  

34,  650 

3,  500 

14, 471 

889, 

786 

1.93 

1.67 

April   

50,  950 

21,  900 

35,  478 

2,  111, 

088 

4.  58 

4. 10 

May   

44,  050 

12,  450 

22,  524 

1,  384, 

946 

3.  00 

2.60 

June .   

75,  350 

7,  900 

22,  320 

1,  328, 

132 

2. 88 

2.  58 

July  

58,  350 

7,  650 

23,  458 

1,  442, 

376 

3. 12 

2.  71 

August  

22,  350 

6, 450 

10,  792 

663, 

574 

1. 44 

1.25 

September  

6,  200 

2,250 

4,  313 

256, 

641 

0.56 

0.50 

October  

5,  300 

1,  300 

3, 668 

225, 

536 

0. 48 

0.42 

November  

29,  550 

3,  850 

14,  880 

885, 

422 

1. 92 

1.72 

December  

70,  650 

8, 950 

21,  779 

1,  339, 

139 

2. 89 

2. 51 

The  year  

75, 350 

1, 300 

15,  373 

11, 155, 

759 

24. 17 

1.78 
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Fia.  26. — Discharge  of  Connecticut  JRiver  at  Holyoke,  Massachusetts,  1896  and  1897. 

HUDSON  RIVER. 

A  daily  record  of  the  lieifjht  of  water  passing  over  the  dam  of  the 
Duncan  Conipany  at  Mechaiiicville,  New  York,  has  been  kept,  with  few 
omissions,  since  18.S7,  as  described  in  the  Report  on  the  Ui)per  lludson 
Storage,  prepared  by  George  W.  KafterJ 

From  this  and  other  records  a  computation  has  been  made  by  Mr. 
Rafter  of  the  daily  How  of  the  river,  using  the  formula  derived  from 
East  Indian  engineers,  which,  according  to  his  exi)erience,  seemed  to  be 


'  .\iiniial  Keport  of  tlic  State  V.uu'wu-fr  ami  Surveyor  of  the  State  of  New  York  fur  tlic  tl.scal  year 
ending  September  'M.  1895.  Albany.  1896,  p.  104. 
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most  applicable  to  the  prevailing-  conditions.  To  values  thus  obtained 
there  has  been  added  the  tabulated  quantity  of  water  discharged  by 
the  different  water  wheels  while  in  use.  The  figures  for  this  purpose 
have  been  taken  from  the  published  tables  of  the  several  makers,  which 
show  the  probable  discharge  under  various  heads.  The  height  of  water 
on  the  crest  of  the  dam  has  been  taken  at  7  a,  m.  and  5  p.  m.,  and  the 
head  of  water  on  the  wheels  has  also  been  obtained  from  two  observa- 
tions daily.  Discharges  for  Sundays  and  other  days  during  which  the 
wheels  were  not  running  have  been  obtained  by  averaging  the  figures 
for  the  day  preceding  and  that  following. 


JAN. 
10  20 

FEB. 
10  20 

MARCH 
10  20 

APRI 

10  20 

L  MAY 
10  20 

JUNE 
10  20 

JULY 
10  20 

AUG. 
10  20 

SEPT. 
10  20 

OCT 
10  20 

NOV. 
10  20 

DEC. 
10  20 

1 

1 

f 

I 

1 

J 

L 

Sec.-ft. 

60.  000 

55,  000 
t 

I 

50. 000 
45,  000 

40,  000 
35,  000 
30,  000 
25,  000 
20,  000 
(  15,000 
10,  POO 
5.  000  I 

o| 

60, 000 

55,  000 
50,  000 
45,  000 
40,  000 
35, 000 
30,  000 
25,  000 
20,  000 
15,  000 
10,000 
5,  000 
0 


1897 


1 


It 


1 


Tig.  27 — Discharge  of  Hudson  River  at  Mechanicville,  New  York,  1896  and  1897. 
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Eesults  of  these  comi)ut;itions  bave  been  published  in  Pis.  ITI,  IV, 
Y,  and  VI  of  the  Report  of  the  State  Engineer  for  1895,  covering  the 
period  from  October  1,  1887,  to  November  30,  180o.  Figures  for  the 
succeeding  period  have  been  obtained  from  Mr.  Rafter.  Results  by 
mouths  and  years  are  given  in  the  following  table: 


Estimated  monthly  discharge  of  Hudson  Hirer  at  MechanicviUe,  New  York  . 
[Drainage  area,  4,500  square  miles.] 


Discharge  in  second-feet. 

Runoff. 

Month. 

Total  in  acre- 

Second- 

Masi 

Mini 

Mean. 

feet. 

mum. 

mum. 

inches. 

.square 

mile. 

1890. 

January   

19  000 

5,  500 

11  272 

693, 089 

~>  fjyj 

Februarv   

4  fi80 

7  81S 

433,  912 

X,  OA 

1  74 

March  

20  4^0 

fi  780 

11  I'^O 

lit  lm.tf 

684,  296 

2  47 

Ajiril   

21,  930 

8,  630 

15,  053 

895,  716 

^  74- 

3  35 

May  

2^  080 

12  900 

17  931 

1, 102, 533 

3  98 

June  

11  oso 

7  .^92 

439,  854 

1  8^ 
X*  oo 

1  64 

X  • 

July  

2,  800 

1,410 

1,950 

119, 900 

0. 49 

0. 43 

Augu.st  

4, 880 

1,030 

2,  019 

124, 143 

0..52 

0.  45 

September 

26, 000 

2,  200 

8,  844 

526,  254 

2. 20 

1.97 

October  

22, 530 

3,410 

9,215 

566,  608 

2.  37 

2.05 

November  

15,  500 

5, 450 

9, 121 

51^,  l6o 

2.26 

2.03 

December  

5,  930 

2,200 

3,244 

199,  465 

0.83 

0.  72 

The  year  

26,000 

1,030 

8,749 

6,  328, 508 

26. 38 

1.94 

1891. 

January   

21,  930 

2,  630 

8,  284 

509,  363 

2.  12 

1.84 

February   

31, 130 

5,  500 

11,  664 

647,  785 

2.  70 

2. 59 

March  

27,  730 

9,080 

17,  738 

1, 090,  667 

4.54 

3. 94 

April  

33, 100 

10,  700 

20,  021 

1, 191, 333 

4.  96 

4.  45 

May  

9, 530 

3,630 

5,533 

340,211 

1.42 

1.23 

June  

8,  930 

1,630 

3,200 

190,  413 

0.  79 

0.  71 

July  

3,  4.50 

1,350 

2,  337 

143,  696 

0.60 

0..52 

Augu.st  

10,  530 

1,210 

2,666 

163,  926 

0.68 

0.  59 

September  

3,  450 

1,  080 

2, 040 

121,  388 

0.50 

0.  45 

October  

2,380 

850 

1,472 

90,  510 

0..38 

0.  33 

November  

11,  100 

950 

4,088 

243,  252 

1.01 

0.  91 

December  

20,  530 

4,680 

8,577 

527,  380 

2. 20 

1.91 

The  year  

33. 100 

850 

7,  302 

5,  259,  924 

21.90 

1.62 
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Estimated  monthly  discharge  of  Hudson  River  at  Mechanicville,  New  York — Contiuued. 


Discharge  in  second-feet. 

Run-oflf. 

Month. 

Total  in  acre- 

Second- 

Maxi- 

Mini- 

feet. 

Depth  in 

feet  per 

mum. 

mum. 

inches. 

square 

mile. 

January  

33,  520 

9,  920 

18,  857 

1, 159,  471 

4.  83 

4. 19 

February   

11,  620 

7,  570 

9,  263 

532,  814 

2. 22 

2.06 

March  

15,  700 

8,  350 

10,  829 

665,  849 

2.  78 

2.41 

April 

43,  910 

12,  310 

21,  554 

1.  282  552 

5.  34 

4.79 

Mav 

30, 110 

12,  210 

19, 622 

1, 206,  509 

5.04 

4.  37 

.Tun6 

26,  310 

4,  260 

12,  595 

749,  455 

3. 12 

2.  80 

.Tulv 

18,  800 

2,710 

9,  282 

570,  728 

2. 38 

2.06 

An  *''nstj 

18,  660 

2,  960 

5,  485 

337,  259 

1.41 

1.  22 

S  ft  T)  t  p  iTi  li  fir 

10,  310 

2,  710 

4,  448 

264,  674 

1. 10 

0. 99 

3,  340 

2,  440 

2,819 

173  333 

0. 72 

0. 63 

Nov6nil)er 

14,  260 

2,780 

7, 604 

452, 469 

1.89 

1.69 

5,  610 

2,  460 

4,  031 

247  856 

1.04 

0.  90 

The  year  

43,  910 

2,  440 

1 A  COO 

10,  5o2 

7,  642,  969 

31.  o7 

2.  34 

January  

5,  010 

2,  510 

3, 192 

196,  269 

0.  82 

0.  71 

8,  960 

2,860 

4, 605 

255,  749 

1.06 

1.02 

March   

19,  940 

2,960 

8,  850 

544, 165 

2.27 

1.97 

April 

25,  740 

4, 410 

17,  889 

1,  064.  470 

4.44 

3. 98 

Mav 

54,  060 

7,  880 

22,  285 

1,  370,  251 

5.  71 

4. 95 

June 

8,  010 

2,910 

4,  801 

285,  680 

1.19 

1.07 

.Tnlv 

3,060 

1,980 

2,521 

155, 010 

0.64 

0. 56 

A  n  (Tiiftt, 

26, 360 

1,380 

5,  008 

307,  930 

1.28 

1.11 

15,  410 

3,  070 

6,  870 

408,  793 

1.71 

1.53 

5,780 

2,  360 

3, 865 

237,  650 

0.  99 

0.  86 

5  031 

3  010 

3  639 

216  536 

0  90 

0  81 

V»  OA. 

December  

15,160 

3,  060 

7, 217 

443,  756 

1.84 

1.60 

The  year  

54,  060 

1,  380 

7, 562 

5,  486,  259 

22. 85 

1.68 

1894. 



.January  

11, 880 

4,  710 

6,757 

415,  472 

1.73 

1.50 

Februiiry  

6,610 

3,  760 

4,  836 

268,  578 

1. 11 

1.07 

March  

26, 560 

5,  610 

14,  738 

906,  204 

3.  78 

3. 28 

April   

18, 860 

6, 110 

11, 136 

662,  637 

2.  76 

2.47 

May  

15, 160 

4,  410 

7, 566 

465,  215 

1.94 

1.  68 

.June  

14, 910 

3,280 

7,097 

422, 301 

1.76 

1..58 

July  

4,  770 

2, 120 

3. 168 

194,  793 

0.  81 

0.  70 

August  

5,200 

1,  800 

2,  454 

150,  890 

0. 63 

0. 55 
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Estimated  monthly  discharge  of  Hudson  River  at  Mechanicville,  New  York — Continned. 


Discharge  in  second-feet. 

Rnn-off. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Total  in  acre- 
feet. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1894. 

September  

3,  450 

1,  170 

1, 

889 

112,  403 

0. 47 

0.  42 

October  

7,  850 

1,  820 

3, 

649 

224,  368 

0.93 

0.  81 

November  

13,  030 

2,  630 

6, 

•379 

379,  577 

1.58 

1. 42 

December  

10, 120 

2, 670 

4, 

367 

268,  517 

1. 12 

0.  97 

The  year  

26, 560 

1, 170 

6, 

170 

4, 470,  9.55 

18. 62 

1.37 

1895. 

Jamiarv  

5,  770 

2,650 

3, 

876 

238, 326 

0. 99 

0. 86 

February   

4,  090 

2,  770 

3, 

543 

196, 769 

0. 82 

0.  79 

March  

5,  960 

2,  980 

4, 

204 

258, 494 

1. 07 

0. 93 

April  

49,  630 

4,  880 

23, 

822 

1, 417,  507 

5. 90 

5.29 

May  

14,  330 

3,  730 

6, 

850 

421, 190 

1.  75 

1.  52 

June  

4,  230 

1,  990 

2 

816 

167,  564 

0.  70 

0.63 

July  

3,  380 

1, 960 

2, 

559 

157,  347 

0.  66 

0.57 

August  

9,  500 

1,  960 

3, 

901 

239,  863 

1.00 

0.  87 

September  

3, 430 

1,  960 

2, 

629 

156,  437 

0. 64 

0. 58 

October  

4, 170 

540 

2, 

631 

161, 774 

0. 67 

0..58 

November  

30,  940 

2,  250 

8, 

421 

501,  085 

2.09 

1.87 

Decemljer  

21, 297 

4,  752 

10, 

889 

669, 538 

2. 79 

2. 42 

The  year 

49,  630 

540 

6, 

345 

4,  585, 894 

19.08 

1.41 

1896. 

Januarv   

24, 147 

3,177 

6, 

791 

417, 562 

1.74 

1.51 

February   

Q   1  •7*7 
.i,  1  /  / 

4, 

668 

268,  506 

1.  12 

1.  04 

March  

32,  900 

5,  602 

13, 

600 

836,  232 

3.  49 

3.02 

April  

59,  393 

9,477 

24, 

972 

1,  485,  937 

6.20 

5.  .55 

May  

9,050 

2,  952 

4, 

610 

283,  458 

1. 18 

1.02 

June  

8, 127 

2,  377 

4, 

738 

281, 930 

1.  18 

1.05 

July  

5,  349 

2,324 

2, 

772 

170, 443 

0.  72 

0.  62 

August  

3,099 

2,324 

2, 

442 

1.50, 152 

0.  63 

0. 54 

Septcmlter  

4,  741 

1,770 

2, 

879 

171,  313 

0.  71 

0.  64 

October  

7,  416 

2,  916 

4, 

106 

252, 468 

1.05 

0.91 

November  

25,  735 

3,  332 

11, 

352 

675,  490 

2.82 

2.52 

December  

13, 028 

3,  435 

6, 

913 

425,  063 

1.78 

1.54 

The  year  

59, 393 

1,770 

7,487 

5, 418, 554 

22. 62 

1.66 

t 
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Estimated  monthly  discharge  of  Hudson  River  at  Mechanicville,  New  York — Cqntinued. 


Discharge  in  second-feet. 

Run-off. 

Month. 

Total  in  acre- 

Second- 

Maxi- 

Mini- 

Mean. 

feet. 

Depth  in 

feet  per 

mum. 

mum. 

inches. 

square 

mile. 

1897. 

January   

6,  623 

2,875 

4,007 

246,  380 

1.  02 

0.  89 

Februarv   

8, 450 

2,820 

3,895 

216,  318 

0. 91 

0.  87 

23,  957 

2,  664 

12,  214 

T'M  OflQ 
t  Ol.,  W^J 

3.13 

2.  71 

April  

25,  200 

12,  906 

19, 074 

1,  134,  981 

4.73 

4.  24 

May   

22, 550 

8,  400 

12, 167 

748, 119 

3. 12 

2.  70 

June  

27, 188 

4,  400 

11, 855 

705,  422 

2.  93 

2.  63 

July  

31,  060 

3,  932 

11, 109 

683, 066 

2.  85 

2.  47 

August  

14,  290 

4,  550 

8,  241 

506,  719 

2.11 

1.83 

September  

4,  000 

2, 180 

2,  756 

163,  993 

0.  68 

0.61 

October  

4, 110' 

2, 150 

2,  524 

155, 195 

0.  64 

0.56 

November  

19,  456 

2, 150 

9, 995 

594,  744 

2.  47 

2.  22 

December  

35,  706 

2,  293 

14,  382 

884,  314 

3.  69 

3.20 

The  year  

35,  706 

2, 150 

9,352 

6,  790, 260 

28. 28 

2.  08 

DELAWARE  RIVER. 

Delaware  Kiver  was  measured  at  Delaware  Water  Gap,  Pennsyl- 
vauia,  in  1891,  by  Prof.  Dwiglit  Porter  and  students.  The  results 
show  a  flow  of  from  2,000  to  2,200  second-feet  during  the  latter  half  of 
June,  1891.  This  was  said  to  be  the  lowest  June  stage  for  five  years. 
Measurements  were  made  during  the  drought  of  1895  by  Mr.  L.  M.  Haupt, 
by  means  of  current-meter  observatious  above  and  below  the  bridge  at 
Point  Pleasant,  Pennsylvania,  near  the  intake  of  the  Delaware  and 
Earitan  Canal  feeder.  The  discharge  above  the  bridge  was  1,657 
second-feet  and  below  the  bridge  1,028  second-feet. 

The  gaging  station  at  Lambertville,  New  Jersey,  was  established 
July  23,  1897.  It  is  described  in  Water-Supply  and  Irrigation  Paper 
No.  15,  p.  7.  A  sufficient  number  of  discharge  measurements  on  which 
to  base  a  rating  table  for  this  station  have  not  been  made. 

SUSQUEHANNA  RIVER. 

Observations  of  the  height  of  water  in  Susquehanna  Eiver  have  been 
made  for  several  years  at  the  pump  house  of  the  waterworks,  located  in 
the  western  part  of  the  city  of  Harrisburg,  Pennsylvania.  The  gaging 
station  at  Harrisburg,  Pennsylvania,  is  described  in  Water- Sujjply  and 
Irrigation  Paper  No.  15,  jy.  8.  A  well  is  connected  directly  with  the 
river  by  means  of  large  water  mains,  and  a  float  in  this  well  is  attached 
to  a  cable  and  counterweight,  the  height  of  water  being  indicated  on  a 
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painted  scale.  The  record  since  1890  has  been  furnished  hy  Mr.  E. 
Mather,  president  of  the  Harrisburg  Water  romi)any,  and,  by  means 
of  measurements  of  discharge  made  at  this  point  in  1807,  the  record 
has  been  interpreted  in  daily  discharfies.  The  results,  by  months,  are 
show  u  in  the  following  tables,  and  graphically  in  tigs.  28  and  29. 


JAN     I    Ft  B    IMARCHI  APRIL  |    M  aV 

10  20       10  20      10  20      10  70       lO  20 


Fl(i.  28. — Disrbarge  of  Su.sijiieliauua  Itiver  ut  Harrisburg,  Peoueylvania,  IM'JG  aud  1897. 
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Pig.  29. — Discharge  of  Susquehanna  River  at  Harrisburg,  Pennsylvania,  for  1897,  arranged  in  order  of 
quantity  and  not  of  date.    (See  description  on  page  31.) 


Hating  table  for  Susquehanna  River  at  Harrisburg,  Pennsylvania,  for  1897. 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

0.0 

2,  000 

2.6 

19,  300 

5.5 

61, 090 

12.0 

177,  040 

0.2 

2,800 

2.8 

21,  300 

6.0 

69, 990 

12.5 

185,  990 

0.4 

3, 600 

3.0 

23, 400 

6.5 

78,  890 

13.0 

194,  940 

0.6 

4, 500 

3.2 

25,  550 

7.0 

87,  790 

13.5 

203, 890 

0.8 

5,700 

3.4 

27,  800 

7.5 

96,  690 

14.0 

212,840 

1.0 

6,900 

3.6 

30,  400 

8.0 

105, 590 

14.5 

221,  790 

1.2 

8, 150 

3.8 

32,  800 

8.5 

114, 490 

15.0 

230,  740 

1.4 

9, 450 

4.0 

35,  400 

9.0 

123, 390 

15.5 

239,  690 

1.6 

10,  750 

4.2 

38, 150 

9.5 

132,  290 

16.0 

248,  640 

1.8 

12,  300 

4.4 

41, 150 

10.0 

141,240 

16.5 

257, 590 

2.0 

13,  900 

4.6 

44,  350 

10.5 

150, 190 

2.2 

15, 400 

4.8 

47,  700 

11.0 

159,  140 

2.4 

17, 450 

5.0 

51, 400 

11.5 

168,  090 
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Estimated  monthly  discharge  of  Susquehanna  River  at  Harrishurg,  Pennsylvania. 

(Drainage  area,  24,030  square  miles.] 


Discharge  in  second-feet. 

Run-off. 

Maxiuitiiu. 

Mini- 
luum. 

1 

i 

Mean. 

Total  iu  acre- 
feet. 

Depth  in 
incites. 

Secon<l- 

feet  piT 
squart^ 
mile. 

138, 555 

21, 800 

73,  052 

4,  491,  792 

3. 51 

3.  04 

302,  300 

62,  880 

140,  790 

7,  819,  080 

6. 10 

5.86 

159, 140 

45, 150 

99, 105 

6,  093,  728 

4.76 

4. 12 

123,  390 

33, 450 

81,  044 

4,  822, 453 

3.  76 

3.  37 

30,  400 

13,  900 

19,  ."584 

1, 191.875 

0.  93 

0.  81 

72,  675 

13, 100 

25,  630 

1,525,  091 

1. 19 

1.07 

40,  400 

12,  700 

21,  752 

1,  337,  479 

1.  05 

0.  91 

80, 680 

13, 900 

30,  900 

1, 899,  967 

1.  49 

1. 29 

45, 150 

11,  900 

23,  649 

1, 407,  214 

1. 09 

0.  98 

45, 150 

10,  750 

18,  810 

1, 156,  582 

0.  90 

0.  78 

77, 150 

13,  900 

34, 024 

2,  024,  568 

1.  58 

1.42 

132, 290 

29, 100 

63,  289 

3,  891,  489 

3. 03 

2.  63 

302,  300 

10, 750 

52, 619 

37, 661, 318 

29.39 

2. 19 

197, 625 

14,  600 

80,  041 

4,  921, 529 

3.84 

3.  33 

48,  600 

7,  500 

22,  244 

1,  279,  489 

1.00 

0.  93 

194,  940 

18,  300 

51,  578 

3, 171,408 

2.  48 

2. 15 

224,  475 

25,  025 

80,  250 

4,  775,  20() 

3.  73 

3.  34 

120, 755 

21,  800 

67,  999 

4, 181, 095 

3. 26 

2.  83 

185,  990 

26, 100 

65, 704 

3,  909, 659 

3.  04 

2.  73 

45, 150 

9,  450 

19,  469 

1, 197, 101 

0.  93 

0.81 

37,  450 

12,  700 

18,  886 

1, 161,  255 

0.  91 

0.  79 

22,  300 

7,  510 

11,713 

696,  972 

0.  54 

0.  19 

9,  450 

4,  000 

6,  255 

384,  604 

0.30 

0.  26 

30,  400 

4,000 

11, 123 

fabl,  8oD 

0.  52 

0.46 

38, 900 

6,  300 

16,  436 

1.010,611 

0.  78 

0. 68 

224, 475 

4,000 

37,641 

27,  350,  794 

21.33 

1.57 

21, 800 

13,  900 

15, 960 

981, 342 

0. 76 

0. 

169, 880 

19, 800 

56,  053 

3, 113,  026 

2.  43 

2. 33 

223,  580 

18,  300 

94,  556 

5,  814,  021 

4.53 

3.  93 

157,  350 

54, 363 

105, 555 

6,  280,  959 

4.  90 

4. 39 

257, 590 

31, 000 

91,246 

5.610,498 

4.  .39 

3.  80 

31,  OCJO 

10,  750 

18,  852 

1,  121,771 

0.  87 

0.  78 

16,  775 

6,300 

10,  750 

61)0,  992 

0. 52 

0.  45 

Month. 


1891. 

January  . . 
February  . 

March  

April  

May  

June  

July  

August. . . . 
September 
October . . . 
Noveniher. 
December . 


The  year 

1892. 

January   

February   


Oc  tober  . . . 
November. 
December . 


1893. 


June 
July 


126  PROGRESS  OF  STREAM  MEASUREMENTS  FOR  1S97. 


Estimated  monthly  discharye  of  Susquehanna  Hirer  at  Marrishurij,  Pennsijlvania — Cont'd. 


Discharge  in  secoud-feet. 

Kun-off. 

Month. 

• 

Total  in  ai  re- 
feet. 

Second- 

Maximum. 

Mini- 

Mean. 

Depth  in 

feet  per 

mum. 

inches. 

square 

mile. 

1893. 

August  

24, 500 

3,  400 

5,  690 

349,  865 

0.  28 

0.  24 

September  

41, 150 

10, 100 

18,  948 

1, 127,  484 

0.  88 

0.  79 

October  

58,  313 

8,  475 

18, 972 

1, 166,  543 

0.  91 

0.  79 

November  

31,  000 

10,  750 

15,  789 

939,  511 

0.  73 

0. 66 

December  

1  OA  nt^T^ 
IZU,  750 

16,  yoo 

A  A    r  AA 

40,  509 

2, 490,  801 

1. 9o 

1. 69 

The  year . . . 

257, 590 

3,400 

41,  073 

29,  656, 813 

23.15 

1.  71 

1894. 



January  

56,  338 

17,  250 

26,  921 

1, 6o5,  308 

1.29 

1.12 

February 

^iO  QQA 

O-l,  DOD 

1,  758,  084 

\..6i 

i.  6Z 

March  

179,  725 

25, 025 

70, 347 

4,  325,  468 

3.38 

2. 93 

April  

139,  450 

20,  800 

66,  354 

3,  948, 337 

3.07 

2.  76 

May  

454,  900 

16,  775 

98,  863 

b,  078,  848 

4.75 

4.11 

T  

June  

134,975 

17,  250 

50,  340 

o  one  lOQ 
2,  995,  438 

2.  34 

2. 10 

July  

19,  300 

6,  900 

10, 548 

648,  571 

0.51 

0. 44 

August  

11, 125 

3,600 

6,935 

A  OA    A  1 O 

426,  41o 

0. 33 

0.29 

September  . .  

63,  775 

3,  000 

17, 399 

1,  035,  616 

0. 80 

0.  72 

October  

62,  880 

8, 475 

25, 875 

1     KAA  AA1 

1,  59u,  991 

1.  25  . 

1.08 

November  

99,  375 

18,  300 

24,  655 

1,  4b/,  U7o 

1.15 

1.03 

December  

76,  255 

16,  775 

35, 070 

2,  lob,  370 

1.68 

1.46 

The  year . . . 

454,  900 

3,000 

38,  747 

28,  086,  219 

21.92 

1.61 



1895. 

January  

114, 490 

23,  400 

50, 101 

3,  080,  590 

2.41 

2.09 

Februarv 

87,  790 

21,  800 

54,  026 

3,  000,  452 

2.34 

2. 25 

March  

150, 190 

51, 400 

81, 108 

4,  987, 137 

3. 89 

3;  37 

April  

206, 575 

29, 100 

85,  979 

0,  IID,  XUD 

3.  99 

3.58 

May  

40, 400 

15, 850 

24,  910 

1,  531,  656 

1.20 

1. 04 

June  

29, 100 

5,400 

11,  315 

673, 289 

0. 53 

0. 47 

July  

22, 300 

3,600 

9,  711 

597, 106 

0. 46 

0. 40 

August  

9,125 

3,400 

5, 402 

332, 156 

0. 25 

0.22 

September  ....... 

10,  750 

3,  600 

5,  320 

316,  562 

0. 24 

0.22 

October  

4,500 

2,200 

3, 152 

193,  809 

0. 15 

0.13 

November  

21, 800 

2,  800 

6, 143 

365,  534 

0.  29 

0. 26 

December  

63, 775 

5,  400 

18, 990 

1, 167. 650 

0.91 

0.  79 

The  year  . . . 

206, 575 

2,200 

29, 680 

21,  362,  047 

16.  66 

1.24 
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Estimated  monthly  discharge  of  Susquehanna  liiver  at  Harrisburg,  Pennsylvania — Cont'd. 


Month. 

Discharge  in  second-feet. 

Total  in  acre- 
leet. 

Kun-otf. 

Maximum. 

Mini- 
mum. 

Mean. 

Depth  iu 
inches. 

Second- 
feet  per 
square 
mile. 

1896. 

January  

February  

March  

April   

May  

June  

July  

August  

September  

October  

Noyeinber  

December  

The  year . . . 

1897. 

January   

February   

March  

April   

May  

June  

July  

Augu.st  

September  

October  

November  

December  

The  year . . . 

139,  450 
185, 990 
185,  990 
223,  580 
23,  400 
46,  825 
40,  400 
45, 150 
7,  850 
132,  290 
143, 030 
38,  900 

23, 400 
16, 775 
16,  775 
26, 100 
7, 825 
9, 450 
10,  750 
3,  400 
3,  000 
10, 100 
12,  700 
9, 125 

52,  692 
52,  637 
65, 034 
89,  469 

13,  097 
19,  387 
15,  587 

14,  621 
4, 173 

34,  793 

35,  738 
21, 573 

3, 239,  904 
<l  097  71  p; 

3,  998,  785 
5,  323,  776 
805,  303 
1, 153,  607 
958, 407 
899, 009 
248,  311 
2, 139,  337 
2, 120, 559 
1,  326,  472 

.  2.53 
2.36 
3. 13 
4. 15 
0.  63 
0.90 
0.  75 
0.  70 

0.  19 
1.67 
1.66 

1.  04 

2. 19 
2. 19 
2.  71 
3.72 
0.  55 
0.81 
0.65 
0. 61 
0. 17 
1.45 
1.49 
0.  90 

223,  580 

3, 000 

34, 900 

25, 247, 185 

19.  71 

1. 45 

31, 000 
103,  850 
168,  090 
132, 290 
103, 850 
29, 100 
42,  750 
40,400 

I. 5, 850 

II,  900 
49,  500 

108, 275 

10, 100 

23,  400 
26, 100 
25,  025 

24,  .500 
10, 100 

6,900 
7,825 
4, 000 
4,000 
4, 800 
18,  300 

18, 864 

46,  304 
89,  678 
m,  021 
54, 106 
17, 926 
11,  735 
15,  738 

6,991 
6, 127 
15,  024 

47,  068 

1, 159,  900 
2  571  5<)0 
5,  514,  085 

O    OOO     A  OA 

3,  666,  480 
3,  326, 850 
1,  066,  680 
721,  ,560 
967,  690 
41.5, 990 
376,  730 
893,  990 
2, 894, 100 

0. 91 
2. 01 
4.30 
2. 60 
2.60 
0. 83 
0. 56 
0.  76 
0. 32 
0.  29 
0.  69 
2. 26 

0.  79 

1.  93 
3.  73 

2.  33 
2.25 
0.75 
0. 49 
0.  66 
0.  29 
0.  25 
0.62 
1.96 

168,  090 

4,000 

32, 132 

23, 242,  645 

18.13 

1.34 

I 
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OCTORARO  CREEK. 


IlafiiKj  table  for  Oetoraro  Creek  at  Rowlandsville,  Maryland,  for  1897. 


Gage 
heignt. 

Discharge. 

Gage 
height. 

Discharge. 

Ga^e 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

2.7 

125 

3.7 

305 

5.4 

1,  220 

7.4 

3,  315 

2.8 

130 

3.8 

340 

5.6 

1, 425 

7.6 

3,525 

2.9 

135 

3.9 

380 

5.8 

1,  635 

7.8 

3,  735 

3.0 

145 

4.0 

420 

6.0 

1,845 

8.0 

3,945 

3.1 

155 

4.2 

500 

6.2 

2,055 

8.5 

4, 470 

3.2 

170 

4.4 

580 

6.4 

2,  265 

9.0 

4,  995 

3.3 

185 

4.6 

670 

6.6 

2, 475 

9.5 

5,  520 

3.4 

210 

4.8 

765 

6.8 

2, 685 

10.0 

6,  045 

3.  .5 

240 

5.0 

880 

7.0 

2,  895 

3.6 

270 

5.2 

1,040 

7.2 

3, 105 

1 

Estimated  monthly  discharge  of  Oetoraro  Creek  at  Rowlandsville,  Maryland. 

[Drainage  area,  217  square  miles.] 


Month. 

Discharge  iu  second-feet. 

Total  in  acre- 
feet. 

Run -off. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1896. 

November  22  to  30.. 

540 

145 

192 

3,  427 

0.  29 

0. 89 

December  

225 

145 

158 

9,  715 

0.84 

0. 73 

1897. 

January  

2, 580 

155 

329 

20,  230 

1.75 

1. 52 

6, 150 

170 

1,021 

56,  705 

4.90 

4.71 

March  

500 

170 

230 

14, 142 

1.22 

1.06 

April  

2,  002 

170 

370 

22,  017 

1.91 

1.71 

May  

920 

170 

321 

19,  737 

1.71 

1.  48 

June  

1, 270 

145 

222 

13,  210 

1.14 

1.02 

July  

520 

135 

192 

11, 805 

1.01 

0.88 

August  

960 

130 

186 

11,  437 

0. 99 

0. 86 

September  

170 

130 

136 

8,  092 

0.  70 

0.  63 

October  

170 

130 

141 

8,  070 

0.  75 

0.65 

November  

1, 845 

155 

298 

17,  730 

1.53 

1. 37 

December  

^20 

185 

275 

16,  909 

1.46 

1. 27 

The  year  

6, 150 

130 

310 

220, 684 

19. 07 

1.43 
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S«c.  ft. 
12, 000 

11,  000 

10, 000 

9,  000 

8,  000 

7,000 

6,000 

5,  000 

4, 000 

3, 000 

2,000 

1,000 

0 


JAN. 
10  20 

FLB 
10  20 

MARCH 

10  20 

APRIL 
10  20 

MAY 

10  20 

JUNE 
10  20 

JULY 
10  20 

AUG 

10  20 

SEPT. 
10  20 

OCT 
10  20 

NOV  1 
10  20 

DEC. 
10  20 

J. 

t 

I 

i 

Fig.  30.— Discharge  of  Octoraro  Creek  at  Rowlandsville,  Maryland,  1897. 


PATAPSCO  RIVER. 

Bating  table  for  Fatapsco  L'iier  at  Woodstock,  Maryland. 


Gage  height. 

Discharge. 

Gage  lieight. 

Discharge. 

Aug.  6, 1896,  to 
July  22, 1897. 

July  23  to  Dec. 
31, 1897. 

Aug.  6, 1896,  to 
July  22, 1897. 

July  23  to  Deo. 
31, 1897. 

Feet. 

Second-feet. 

Second-feet. 

Feet. 

Second-feet. 

Second-feet. 

2.9 

60 

4.8 

740 

925 

3.0 

70 

5.0 

880 

1,075 

3.1 

90 

5.2 

1,  025 

1,  235 

3.2 

115 

5.4 

1, 175 

1, 410 

3.3 

140 

5.6 

1,  335 

1,  600 

3.4 

50 

170 

5.8 

1, 505 

1,  800 

3.5 

80 

205 

6.0 

1,680 

2,000 

3.6 

115 

240 

6.5 

2, 140 

2,  512 

3.7 

150 

280 

7.0 

2, 630 

3,  025 

3.8 

190 

325 

7.5 

3, 160 

3, 538 

3.9 

230 

375 

8.0 

3,740 

4, 050 

4.0 

275 

425 

8.5 

4, 405 

4.2 

375 

530 

9.0 

5, 080 

4.4 

48- 

650 

9.5 

5, 755 

4.6 

610 

780 

10.0 

6, 430 

19  GEOL,  PT  4- 
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Estimated  monthly  discharge  of  Patapsco  River  at  Woodstock,  Maryland, 
[Drainage  area,  251  square  miles.] 


Discharge  in  second-feet. 

Run-off. 

Month. 

T'At.*!!  Ill  nP.l'A- 

-iw  \J  \jiJLL  X  1.1    cX  w  1  \j 

feet. 

Maxi- 

Mini- 

Mean. 

Depth  in 

feet  per 

raiini. 

mum. 

inches. 

square 

mile. 

1897. 

4,  405 

80 

331 

20,  355 

1.  52 

1.32 

February   

5,  890 

115 

783 

43,  486 

3. 25 

3.  12 

March  

705 

230 

332 

20,  414 

1.52 

1.32 

April   

740 

150 

334 

19,  874 

1.48 

1.33 

May  

2, 235 

210 

473 

29,  084 

2. 17 

•1.88 

June  

915 

150 

259 

15, 412 

1. 15 

1.03 

July  

3,  538 

130 

588 

36, 155 

2. 70 

2.34 

August  

3,  332 

133 

598 

36,  770 

2. 75 

2.38 

September  

187 

65 

127 

7, 557 

0.57 

0. 51 

October   

280 

80 

140 

8,  608 

0.  63 

0. 55 

November   

7,  250 

240 

591 

35, 167 

2.62 

2.35 

December  

1,  550 

240 

503 

30, 928 

2. 31 

2.00 

The  year  

7,250 

65 

422 

303, 810 

22.  67 

1.68 

Sec.-ft. 
12,  000 

11,  000 
10,  000 

9,000 

8,  000 
7,  000 
6,  000 
5,  000 
4,000 
3,  000 
2,  000 
1,000 
0 


JAN. 

10  20 

FEB 

10  20 

MARCH 

10  20 

APRI  L 
10  20 

MAY 

10  20 

JUNE 
10  20 

JULY 
10  20 

AUG. 
10  20 

SEPT 
10  20 

OCT 
10  20 

NO 
10  2 

/. 
0 

1 

i 

i 

1 

m 

M 

L 

Fig.  31. — Discharge  of  Patapsco  River  at  Woodstock,  Maryland,  1897. 
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PATUXENT  RIVER. 

Paiing  table  for  Patiwent  liiver  at  Laurel,  ATarylaud. 


[This  table  is  applicable  from  August  3,  1896,  to  December  31,  1897.] 


Gage 
height. 

Discharge. 

Gage 
heigat. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet, 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

2.7 

0 

4.0 

70 

6.5 

329 

10.5 

2,  034 

2.8 

2 

2.2 

86 

7.0 

389 

11.0 

2,  674 

2.9 

5 

4.4 

102 

7.5 

455 

11.5 

3,  314 

3.0 

10 

4.6 

120 

8.0 

545 

12.0 

3, 954 

3.2 

20 

8.8 

140 

8.5 

655 

12.5 

4, 594 

3.4 

30 

5.0 

162 

9.0 

800 

13.0 

5, 234 

3.6 

42 

5.5 

217 

9.5 

1,  025 

13.5 

5,  874 

3.8 

56 

6.0 

272 

10.0 

1,  400 

Estimated  monthly  discharge  of  Patuxent  River  at  Laurel,  Maryland. 


[Drainage  area,  137  square  miles.] 


Month. 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Runoir. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1896. 

August  

160 

30 

117 

7,194 

0.  98 

0. 87 

September  

203 

30 

98 

5,  831 

0.80 

0.  72 

October  

165 

45 

98 

6,026 

'O.  83 

0.  72 

November  

247 

40 

129 

7, 676 

1.04 

0.94 

December  

181 

50 

140 

8,608 

1.18 

1.02 

1897. 

January   

184 

49 

120 

7,379 

1.01 

0.  88 

February   

2,418 

140 

400 

22,  215 

3.  04 

2.  92 

March  

233 

110 

162 

9,  961 

1.36 

1.18 

April  

329 

(i3 

148 

8,  807 

1.20 

1.08 

Mav  

1,  180 

90 

203 

11,  482 

1.71 

1.48 

June  

173 

49 

113 

6,  724 

0.91 

0.82 

July  

4,  274 

39" 

320 

19,  676 

2. 70 

2. 34 

August  

575 

82 

145 

8,916 

1.22 

1.06 

September  

261 

25 

8(5 

5,117 

0.  70 

0.  63 

October  

151 

17 

92 

5,  657 

0.  77 

0.  67 

November  

2, 034 

102 

251 

14,  936 

2.04 

1.83 

December  

705 

98 

199 

12,  236 

1.67 

1.45 

The  year  

4,274 

17 

187 

133, 106 

18.  33 

1.36 
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JAN. 
10  20 

FEB. 
10  20 

MARCH 
10  20 

APRI  L 
10  20 

MAY 
10  20 

JUNE 
10  20 

JULY 
10  20 

AUG. 
10  20 

SEPT. 
10  20 

OCT. 
10  20 

NOV. 
.  10  20 

DEC. 
10  20 

O 

9 

D 

(0 

0/ 

/ 

e 

9 

7 

1 

i 

1 

\ 

1 

L 

I 

1 

ll 

1 

i 

riG.  32.— Discharge  of  Patuxent  River  at  Laurel,  Maryland,  1897. 


POTOMAC  RIVER. 

The  tributaries  of  Potomac  Kiver  drain  loug  narrow  areas  of  the 
Greater  Appalachian  Valley  and  extend  chiefly  in  a  general  north- 
easterly direction,  the  tributaries  coming  from  the  northern  part  of  the 
basin  draining  relatively  small  areas  and  being  of  minor  importance. 
The  main  river  has  a  general  southeasterly  direction,  cutting  through 
the  ranges  at  nearly  right  angles,  and  is  located  in  the  northern  part 
of  the  basin.    A  map  of  the  drainage  basin  is  shown  in  fig.  33. 

During  the  fall  of  1897  a  detailed  study  of  the  sources  of  pollution 
throughout  the  basin  was  made  by  Messrs.  A.  P.  Davis,  E.  G.  Paul, 
and  G.  II.  Matthes,  the  last  mentioned  of  whom  has  prepared  the  fol- 
lowing description.  In  order  to  obtain  a  general  conception  of  the 
amount  of  pollution,  samples  of  water  for  bacteriological  examination 
were  collected  in  sterilized  bottles  at  the  mouths  of  all  tributaries  of 
importance,  and  at  such  other  points  along  the  rivers  as  were  of  special 
interest.  At  the  same  time  the  discharge  of  the  tributaries  was  ascer- 
tained and  a  reconnaissance  of  existing  water  powers  as  well  as  of 
those  still  undeveloped  was  carried  on  in  conjunction  with  the  primary 
investigation.  The  results  of  this  work  were  published  in  Senate  Doc. 
No.  90,  Fiflty-fifth  Congress,  second  session,  entitled  Drainage  Basin 
of  the  Potomac  River,  and  in  Senate  Doc.  No.  211,  entitled  Bacterio- 
logical Examination  of  the  Potomac  Kiver.  A  summary  of  the  more 
important  facts  set  forth  in  these  reports  is  herewith  presented  together 
with  the  results  of  hydrographic  measurements  made  during  the  year 
1897  at  the  regular  gaging  stations  maintained  in  Potomac  Basin. 
These  stations,  which  are  described  in  Water-Supply  and  Irrigation 
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Paper  Xo.  15,  pp,  15-22, inclusive,  are  located  as  follows:  Cumberland, 
Maryland,  on  the  North  Branch;  Sharpsburg,  Maryland,  on  Antietam 
Creek;  Port  Republic,  Yirginia,  on  North  and  South  rivers  and  South 
Fork  of  Shenandoah  River;  Millville,  West  Yirgiuia,  on  Shenandoah 
River;  Frederick,  Maryland,  on  Monocacy  River;  Point  of  Rocks,  Mary- 
land, on  Potomac  River;  and  National  Zoological  Park  bridge.  District 
of  Columbia,  on  Rock  Creek.    Following  is  a  list  of  the  tributaries  of 


Fifi.  33. — Map  of  I'otomac  dniiuage  basin. 

Potomac  River  in  the  order  in  which  they  are  described,  those  entering 
from  the  south  bein";  considered  lirst: 


Tributaries  from  the  south: 
South. J5rauch. 
Little  Cacapou  River. 
Ca<  apon  River. 
Sir  .Johns  Run. 
Warm  Springs  Run. 
Sleepy  Creek. 
Back  Cre*;k. 
OpiMjuon  Creek. 


Tributaries  from  tho  south — Cont'd. 

Shenandoah  River. 

Catoctin  Creek,  Virginia. 

Goose  Creek. 

Broad  Run. 
Tributaries  from  the  north: 

North  Branch. 

'I'owii  (Jreek. 

Fifteeuniile  Creek. 
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Tributaries  from  the  north — Cont'd. 
Sideling  Creek. 
Little  Tonoloway  Creek. 
Big  Tonoloway  Creek. 
Licking  Creek. 
Big  Spring  Run. 
Little  Conococheague  Creek. 


Tributaries  from  the  north — Cont'd. 
Conococheague  Creek. 
Antietam  Creek. 
Catoctin  Creek,  Maryland. 
South  Tuscarora  Creek. 
Seneca  Creek. 
Rock  Creek. 


TRIBUTARIES  FROM  THE  SOUTH. 


The  South  Branch  of  the  Potomac  has  its  head  waters  in  Pendleton 
County,  West  Virginia,  and  Highland  County,  Virginia.  The  main 
river  and  its  numerous  forks  pursue  northeasterly  courses  through 
narrow,  sparsely  settled  valleys,  separated  by  steep  and  wooded  ridges. 
The  highest  point  is  Spruce  Knob,  in  the  western  part  of  the  basin, 
with  an  altitude  of  4,680  feet.  The  total  area  drained  comjirises  1,487 
square  miles. 

Six  miles  above  Petersburg,  West  Virginia,  is  the  confluence  of  the 
North  Fork  and  the  South  Branch,  while  at  a  point  12  miles  below 
Petersburg,  at  Moorefleld,  West  Virginia,  Moorefield  River,  or  South 
Fork,  enters  the  South  Branch.  September  24,  1897,  the  discharges  of 
the  three  rivers  were  measured  and  found  to  be  as  follows:  South 
Branch  above  mouth  of  Isorth  Fork,  96  second-feet;  North  Fork  at 
mouth,  17  second-feet;  South  Fork  at  mouth,  34  second-feet.  From 
Moorefield  to  its  mouth  the  river  has  a  total  fall  of  about  280  feet  in  54 
miles.  Above  Moorefield  the  stream  has  more  fall,  averaging  over  8 
feet  per  mile.  Owing  to  the  gradual  slope  of  the  bed  and  the  few  riffles 
and  falls,  there  are  few  good  dam  sites  along  the  river  and  consequently 
httle  power  is  developed.  There  is  no  railroad  in  the  valley  above 
Eomney,  and  the  consequent  lack  of  good  means  of  transportation  will 
account  in  great  measure  for  the  scarcity  of  industrial  enterprises. 
From  the  confluence  with  the  North  Fork  down  to  the  mouth,  there  are 
only  four  flour  mills  on  the  South  Branch,  some  of  which  have  facilities 
for  sawing  lumber  attached.  As  their  capacity  is  small  and  little  work 
is  done,  i^ollution  by  them  is  insignificant.  The  South  Branch  was 
measured  September  26  at  Eomney,  and  its  discharge  found  to  be  205 
second-feet.  The  old  gaging  station  on  the  river,  near  Springfield,  West 
Virginia,  described  in  the  Eighteenth  Annual  Eeport  of  this  Survey, 
Part  IV,  p.  19,  was  discontinued  in  1896  and  not  resumed  in  1897  owing 
to  the  difficulty  of  obtaining  an  observer.  The  following  measurements 
of  discharge  were  made,  however,  during  the  year  1897 :  June  25,  gage 
height  3.40  feet,  discharge  622  second-feet;  September  2,  gage  height 
2.40  feet,  discharge  132  second-feet. 

On  the  North  Fork  and  on  the  South  Branch,  above  their  confluence, 
there  are  only  a  few  small  flour  mills  utilizing  water  power.  The  only 
users  of  water  power  along  the  South  Fork  are  a  small  flour  mill  at 
Fort  Seybert,  West  Virginia,  and  a  flour  and  planing  mill  at  Moore- 
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field.  l*ollntioii  from  the  latter,  in  tLe  form  of  sawdust  or  chips,  is 
trifling.  At  Petersburg  is  a  tannery,  with  a  capacity  of  60  hides  a  day, 
which  has  not,  however,  been  in  operation  for  some  time. 

Owing  to  the  absence  of  mines,  active  tanneries,  or  manufacturing 
industries  productive  of  wastes,  the  South  Branch  drainage  basin  con- 
tributes little  to  the  contamination  of  the  waters  of  the  Potomac,  except 
what  is  incident  to  the  natural  drainage  from  farms  and  fields  in  the 
valley  areas  under  cultivation.  These  latter  are,  on  account  of  the 
nature  of  the  topography,  of  small  extent.  About  Moorefield  the  river 
valley  is  broader  and  much  more  fertile  than  any  other  section  of  the 
basin,  and  contains  some  flue  farms.  The  following  towns,  situated  on 
the  river,  were  visited :  Petersburg,  West  Virginia,  with  a  population 
of  4:00;  Moorefield,  West  Virginia,  with  a  population  of  500;  and  Rom- 
ney.  West  Virginia,  with  a  population  of  700  inhabitants.  Only  the 
last-named  town  is  provided  with  a  public  water  supply  from  reservoirs. 
There  is  no  sewerage  system,  but  the  natural  drainage  is  into  the  South 
Branch.  The  State  Asylum  for  the  Deaf,  Dutab,  and  Blind,  at  Romney, 
with  an  average  of  200  inmates,  discharges  its  sewage  into  Big  Run,  1 
mile  above  its  junction  with  the  river. 

Little  Cacapon  River  has  its  source  in  Mineral  County,  West  Vir- 
ginia, and  discharges  into  the  Potomac  about  5  miles  below  the  Junc- 
tion of  the  North  and  South  branches.  The  discharge  on  September 
29  was  about  2  second-feet.  At  Pawpaw,  West  Virginia,  is  a  tannery, 
owned  by  the  United  States  Leather  Company,  with  an  average  capac- 
ity of  400  hides  a  day.  The  wastes  are  liquids  only,  all  substances 
being  jireserved  for  other  purposes  and  all  tan  bark  utilized  as  fuel. 
At  the  time  of  visit,  September  29,  the  amount  of  efduent  discharged 
into  the  river  was  200  gallons  per  minute. 

Cacapon  River  joins  the  Potomac  a  short  distance  below  dam  No.  6 
of  the  Chesapeake  and  Ohio  Canal.  It  has  its  source  in  Hardy  County, 
West  Virginia,  and  is  known  along  the  upper  part  of  its  course  as  Lost 
River,  due  to  the  fact  that  it  disappears  into  an  underground  channel 
several  miles  above  Wardensville,  reappearing  under  the  name  of 
Cacapon  River.  At  Cacapon  Forks  it  receives  North  River.  The 
discharge  of  Cacapon  River  near  its  mouth  on  September  29  was  81 
second-feet.  From  inquiry  it  appears  that  the  water  powers  of  this 
stream  are  inconsiderable.  A  tannery  is  located  at  Cacapon  Bridge, 
and  discharges  refuse  into  the  stream. 

Sir  .Johns  Run  eiiii)ties  into  the  Potomac  3  miles  below  the  mouth  of 
Cacapon  River.  Its  discharge  October  11  was  estimated  at  1  second- 
foot. 

Warm  Spring  Run  rises  in  Morgan  County,  West  Virginia,  a  few 
miles  above  Berkeley  Springs,  a  town  of  1,000  inhabitants.  Its  dis- 
charge September  30  was  3  second-feet.  It  receives  the  drainage  from 
this  town,  which  has  a  public  water  supply.  A  tannery  with  a  capacity 
of  250  hides  a  day  also  discharges  its  wastes  into  the  stream. 
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Sleepy  Creek  joins  Potomac  Kiver  about  5  miles  below  Hancock, 
Maryland.  The  discharge  October  1  was  2.3  second-feet.  A  few  small 
feed  mills  make  use  of  the  power,  but  cause  no  pollution. 

Back  Creek  has  its  source  in  Clarke  County,  Virginia,  and  discharges 
into  the  Potomac  8  miles  below  Williamsport,  Maryland.  The  dis- 
charge on  October  8  was  50  second-feet.  The  power  of  this  stream  is 
used  by  flour  mills.  Martinsburg,  West  Virginia,  a  town  of  8,000 
inhabitants,  with  a  public  water  supply,  has  no  sewerage  system,  but 
many  private  sewers  and  cesspools  drain  into  a  tributary  of  Opequon 
Creek. 

At  Harpers  Ferry,  West  Virginia,  the  water  of  the  Potomac  is  used 
for  power  by  the  Shenandoah  Pulp  Company.  With  a  fall  of  22  feet 
a  maximum  power  of  1,400  horsepower  is  developed.  The  pulp  is  made 
by  a  mechanical  process  from  spruce  wood.  Bark  and  shavings  consti- 
tute the  only  x)oIlution  from  this  mill.  The  discharge  of  the  Potomac 
at  Harpers  Ferry  on  October  13  was  377  second-feet,  nearly  all  of  which 
was  diverted  into  the  pulp  comjiany's  mill  race.  The  estimated  dis- 
charge of  Shenandoah  Eiver  above  Harpers  Ferry  is  given  on  page  151. 

Shenandoah  Valley  has  always  possessed  the  reputation  of  having 
an  extraordinary  number  of  perennial  springs.  This  reputation  has 
been  confirmed  during  the  very  dry  season  of  1897,  as  few  of  these 
springs  became  dry  or  apparently  diminished  in  volume.  Some  of 
these  springs  furnish  an  abundant  supply  for  the  waterworks  of  towns. 
Staunton,  Front  Eoyal,  Riverton,  Harrisonburg,  Waynesboro,  and 
Elkton  are  all  supplied  with  spring  water  either  from  gravity  systems 
or  by  pumjiing  to  a  reservoir.  During  the  drought  of  1897  none  of 
these  towns  was  hampered  by  a  lack  of  water. 

The  drainage  basin  covers  3,009  square  miles  of  fertile  country,  with 
an  undulating  topography  well  adapted  for  farming.  It  is  bounded  on 
the  east  by  the  Blue  Ridge,  on  the  west  by  the  North  Mountain  ranges, 
and  is  divided  longitudinally  by  the  Massanutten  Mountains.  Shenan- 
doah River  is  formed  by  the  confluence  of  the  North  and  South  forks 
at  Riverton,  Virginia,  at  an  elevation  of  450  feet,  and  about  54  miles 
from  Harpers  Ferry,  West  Virginia,  where  it  discharges  into  the  Poto 
mac,  at  an  elevation  of  240  feet.  With  the  exception  of  Bulls  Falls, 
2J  miles,  and  Littles  Falls,  about  6^  miles  above  Harpers  Ferry,  the 
main  river  has  a  fall  averaging  3  feet  per  mile.  The  milling  enter- 
prises in  this  part  of  the  basin  are  mostly  small,  and  utilize  the  powers 
along  the  tributaries.  The  mills  once  existing  on  the  river  pi-oper  are 
conspicuous  only  by  their  absence,  and  their  ruins  tell  the  tale  of 
destruction  by  the  severe  freshets  to  which  the  river  is  subject.  The 
following  tributaries  entering  from  the  west  were  visited,  their  dis- 
charges measured,  and  the  water  powers  and  pollutions  along  them 
investigated:  October  7,  Crooked  Run,  discharge  3.4  second-feet; 
October  9,  Stone  Bridge  Run,  discharge  3  second-feet  (estimated); 
October  9,  Parkers  Creek,  discharge  4  second-feet  (estimated) ;  Octo- 
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ber  8,  Crystal  Eun,  discharge  3  second-feet  (estimated);  October  2, 
Bullskiu  Run,  discharge  7.5  second-feet;  October  1,  Evitt  Run,  dis- 
charge 11*  second-feet;  October  25,  Flowing  Run,  discharge  4.5  second- 
feet.  The  following  tributaries  entering  from  the  east  were  visited: 
October  4,  Happy  Creek,  discharge  3.1  second-feet;  October  7,  Wap- 
pan  Run,  discharge  1.1  second-feet.  The  towns  mentioned  below  were 
visited. 

Berryville,  Virginia,  with  a  population  of  1,600,  contains  no  manu- 
factories of  any  kind  and  possesses  no  public  water  supply.  Charles- 
town,  West  Virginia,  with  a  population  of  2,800,  is  situated  on  Evitt 
Run,  which  is  polluted  by  sewage  from  back  yards,  slaughterhouses, 
a  small  tannery,  and  a  gas  plant. 

At  Halltown,  West  Virginia,  is  the  strawboard  factory  of  Eyster  & 
Son,  situated  on  Flowing  Run,  using  steam  to  the  extent  of  150  horse- 
power. The  average  daily  output  is  8  tons  of  cardboard.  In  the 
process  the  straw  is  washed  and  bleached  with  lime.  Water  for  this 
purpose  is  taken  from  the  run,  and  the  residue  returned,  heavily  laden 
with  fine  particles  of  straw  and  lime,  which  give  the  water  a  bright 
yellow  color.    No  odor  is  noticeable. 

At  Harpers  Ferry,  West  Virginia,  a  fine  water  power  is  utilized  by 
the  Shenandoah  Pulp  Company,  from  which  about  1,500  horsepower  is 
obtained  with  a  head  of  23i  feet.  During  the  dry  season  of  1897  this 
was  reduced  to  350  horsepower,  and  the  mill  had  to  be  stopped  at  inter- 
vals in  order  to  store  up  head.  The  daily  capacity,  which  is  20  tons  of 
pulp,  was  reduced  to  9  tons.  The  pulp  is  made  from  spruce  wood  by  a 
mechanical  process,  and,  so  far  as  could  be  ascertained,  no  waste  other 
than  bark  chips  finds  its  way  into  the  river.  The  amount  of  the  latter, 
however,  is  considerable,  and  the  bed  of  the  river  below  the  mill  shows 
large  deposits  of  this  material. 

The  town  of  Harpers  Ferry  has  neither  a  public  water  supply  nor  a 
sewerage  system.  What  little  sewage  reaches  the  river  comes  from 
a  private  sewer  of  one  of  the  hotels,  a  few  privies  near  the  bridge,  and 
the  drainage  from  a  stable  and  a  brewery. 

The  discharge  of  the  Nortli  Fork  of  Shenandoah  IJiver  was  measured 
October  4  from  the  liighway  bridge  at  Riverton,  Virginia,  and  found  to 
be  140  second-feet.  The  river  between  Strasburg  and  Riverton,  a  dis- 
tance of  13  miles,  has  a  fall  of  nearly  4  feet  jjer  mile.  It  receives 
along  this  section  Passage  Creek  from  the  south  and  Cedar  Creek  from 
the  north.  The  former  drains  Fort  Valley,  a  small  elevated  basin 
inclosed  between  two  parallel  ridges,  the  Massanutten  Mountains  on 
tlie  east  and  Three-Top  Mountain  on  tlie  west.  Its  discharge  on  Octo- 
ber 15  was  0  second-feet.  Cedar  Creek  was  measured  October  12  and 
its  discharge  found  to  be  27  second-feet.  There  are  a  number  of  small 
mills  on  this  stream,  but  owing  to  its  moderate  fall  the  heads  obtained 
are  small  and  little  power  is  developed.  The  creek  is  polluted  by  the 
tannery  of  Hans  Rees  &  Sons,  at  Zepp,  Virginia,  which  has  a  capacity 
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averaging  60  hides  a  day.  At  Strasburg,  Virginia,  a  town  of  900 
inhabitants,  there  is  a  small  tannery.  It  is  not  located  near  the  river, 
and  no  pollution  was  noticed. 

The  coiTrse  of  the  North  Fork  above  Strasburg  is  an  extremely  tor- 
tuous one.  Its  fall  averages  about  6  feet  per  mile.  It  flows  by  the 
towns,  of  Kew  Market,  Mount  Jackson,  Bdinburg,  and  Woodstock, 
none  of  which  is  provided  with  either  public  water  supplies  or  sewer- 
age systems.  Pollution  from  these  towns  is  probably  trifling  or  nil. 
A  number  of  tributaries  enter  the  North  Fork  above  Strasburg,  as 
follows:  Lin ville  Creek  and  Smiths  Creek  from  the  south;  Ilolmans 
Creek,  Mill  Creek,  Stony  Creek,  Toms  Brook,  and  Tumbling  Eun,  from 
the  north.  The  water  powers  along  the  Korth  Fork  and  its  tributaries 
are  shown  in  the  table  on  pages  155  and  156,  together  with  the  sources 
of  pollution,  most  of  which  are  of  an  insignificant  character. 

The  South  Fork  of  the  Shenandoah  is  formed  by  the  confluence  of 
the  three  tributaries  known  as  the  North,  Middle,  and  South  rivers  at 
Port  Republic,  Virginia.  Regular  gaging  stations  are  being  main- 
tained at  this  point  on  South  River  and  below  the  junction  of  the  North 
and  Middle  rivers.  The  stations  are  described  in  Water-Supply  and 
Irrigation  Paper  No.  15,  p.  17.  Tables  of  monthly  discharge  have  not 
been  compiled,  since  there  are  not  sufficient  discharge  measurements 
on  which  to  base  rating  tables.  Measurements  made  November  7  at  the 
stations  and  on  Middle  River  at  Mount  Meridian  give  discharges  as 
follows:  North  River  less  Middle  River,  153  second-feet;  Middle  River, 
92  second-feet;  South  River,  173  second-feet.  Similar  measurements 
made  March  22  and  23,  1897,  by  D.  C.  Humphreys,  gave  discharges  of 
841,  625,  and  426  second  feet. 

The  South  Fork  was  measured  October  4  at  Riverton,  Virginia,  the 
discharge  being  572  second-feet,  and  October  31  at  Elkton,  Virginia,  the 
discharge  being  389  second-feet.  At  Riverton  are  the  Riverton  Mills, 
which  develop  70  horsepower  with  a  fall  of  6  feet.  The  timber  dam  is 
one  of  the  finest  on  the  river.  There  is  no  pollution  at  this  point.  In  the 
96  miles  of  its  course  from  Port  Republic  to  Riverton,  the  South  Fork 
has  an  average  fall  of  6  feet  per  mile,  and  receives  a  number  of  trib- 
utaries of  little  importance.  The  following,  all  entering  from  the  east, 
were  measured:  October  6,  Gooneys  Creek,  discharge  2.3  second  feet; 
October  6,  Flint  Run,  discharge  3.2  second-feet;  October  27,  Hawksbill 
Creek,  discharge  71  second-feet;  October  30,  Naked  Creek,  discharge 
25  second-feet:  October  31,  Elk  Creek,  discharge  5.5  second-feet. 
Gooneys,  Hawksbill,  and  Elk  creeks  are  badly  polluted  by  tan  liquor. 
At  Browntown,  Virginia,  is  F.  P.  Cover's  tannery,  located  on  the  creek 
first  named.  It  has  a  capacity  averaging  60  hides  per  day.  Besides 
wasting  tan  liquor,  the  surj^lus  of  tan  bark  is  also  disposed  of  in  the 
creek.  At  Luray,  Virginia,  is  the  tannery  of  the  Deford  Company, 
with  a  capacity  of  400  hides  in  twenty-four  hours.  All  tan  bark  is 
utilized  as  fuel.    Fleshings,  scrapings,  and  hair  are  saved  to  be  sold, 
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while  the  liquid  wastes  are  collected  in  cesspools,  where  all  solid  mate- 
rials carried  in  suspension  are  allowed  to  settle,  and  whence  these  can 
be  recovered  to  be  used  as  fertilizer.  The  overflow  from  the  cesspools 
drains  into  Hawksbill  Creek,  discoloring  the  water  of  the  latter  all  the 
way  down  to  its  mouth.  While  there  is  no  doubt  that  such  cesspools 
are  of  benefit, by  preventing  much  refuse  from  reaching  the  creek,  they 
have  the  disadvantage  of  emitting  very  foul  odors.  This  becomes  a 
source  of  annoyance  to  the  inhabitants  of  Luray  whenever  the  wind 
blows  from  the  northeast,  carrying  the  odor  into  the  town. 

At  Elkton,  Virginia,  on  Elk  Creek,  is  the  tannery  of  J.  R.  Cover, 
with  a  capacity  of  21  hides  a  day.  The  amount  of  liquor  which  drains 
oft"  toward  the  creek  is  estimated  at  1,000  gallons  a  day.  Kear  Elkton 
are  the  Manganese  Ore  Works  of  Kendall  &  Flick.  The  water  for 
washing  the  ore  is  pumjied  from  the  river  and  after  it  is  used  runs  off 
into  the  latter  highly  charged  with  a  fine  dark-brown  sediment.  The 
amount  discharged  daily  is  estimated  at  70,000  gallons.  The  capacity  of 
the  works  is  225  tons  of  ore  per  month.  In  winter  operations  are  sus- 
pended, the  ore  when  frozen  being  too  luird  to  permit  proper  washing. 
A  large  number  of  mills  derive  power  from  the  South  Fork  and  its 
tributaries,  although  those  situated  on  the  latter  are  seriously  hampered 
by  lack  of  water  during  the  dry  season. 

The  three  livers  forming  the  South  Fork  have  considerable  fall,  and 
together  with  their  tributaries  furnish  ])ower  to  no  less  than  53  mills, 
the  majority  of  which  are  flour  mills  and  gristmills.  Some  fine  i^owers 
have  been  developed  on  South  Kiver.  J.  L.  Koiner's  flour  mill  at  Cri- 
mora,  Virginia,  and  J.  A.  Patterson's  flour  mill  at  Waynesboro,  Virginia, 
utilize  each  100  horsei)ower  with  a  head  of  9  feet.  About  1  mile  above 
Waynesboro  the  hydraulic-ram  factory  of  Kife  &  Schoppert  with  a  head 
of  8  feet  develops  75  horsepower. 

The  city  of  Waynesboro  has  an  estimated  population  of  2,000.  There 
are  a  number  of  industries,  few  of  Avhich  are  in  proximity  to  tlie  river, 
and  these  dp  not  jiollute  the  water.  A  public  water  supply  is  under 
construction  and  a  sewerage  system  to  drain  into  the  river  is  under 
consideration. 

Lewis  Creek,  one  of  the  tributaries  of  Middle  River,  receives  much 
filth  and  sewage  on  its  way  through  Staunton,  a  city  of  11,000  inhab- 
itants. There  is  no  regular  sewerage  system,  but  a  number  of  private 
sewers  discharge  into  the  creek.  The  city  has  a  public  water  supply 
derived  partly  from  Lewis  Creek  by  pumping  into  a  reservoir  and 
partly  from  a  separate  gravity  systeuj, 

North  Itiver  is  polluted  by  several  industries,  notably  by  a  tannery 
owned  by  J.  P.  Honck,  located  at  Harrisonburg,  Virginia,  on  lUacks 
Itun,  a  tributary  of  Cooks  Creek,  which  dis(;harges  into  North  Kiver 
near  Mount  Crawford,  and  by  a  woolen  mill  of  the  Bridgewater  Manu- 
facturing Company  at  Bridgewater,  Virginia.  The  tannery  has  a 
capacity  of  200  hides  a  day,  and  although  much  economy  is  jmrcticed 
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with  tau  liquor,  the  wastes  are  decidedly  obnoxious,  due  mainly  to  the 
imperfect  manner  in  which  they  are  allowed  to  run  off  in  open  surface 
drains  across  vacant  lots  and  public  thoroughfares.  Harrisonburg, 
with  a  population  of  3,500,  has  a  public  water  supply  but  no  sewerage 
system. 

In  general  it  may  be  said  of  Shenandoah  Valley  that  the  drainage 
from  the  small  towns  and  from  the  farms  of  this  agricultural  region  is 
small;  that  in  i)roportion  to  the  water  discharged  through  the  Shenan- 
doah and  the  area  drained  the  pollutions  are  not  important;  and  that 
the  river  may  be  considered  as  furnishing  a  large  bulk  of  potable  water 
to  Potomac  Eiver. 

The  water  powers  of  the  Shenandoah  and  its  numerous  tributaries 
have  been  well  developed,  as  will  be  seen  from  the  table  of  industries 
and  sources  of  pollution.  A  large  majority  of  the  mills  are  grist  and 
flouring  mills  doing  a  limited  local  business,  utilizing  the  powers  offered 
by  the  small  mountain  streams,  preferably  by  means  of  overshot  wheels. 
A  systematic  study  of  these  mills  has  led  to  the  conclusion  that  the 
great  facilitj'  with  which  head  is  obtained  on  mountain  streams  has 
induced  many  millers  to  build  mills  in  localities  where  the  supply 
throughout  a  large  part  of  the  year  is  at  the  best  unsatisfactory.  The 
common  failing  observed  among  the  milling  enterprises  in  this  region, 
however,  is  found  in  the  cheap  forms  of  milldams,  such  as  brush  and 
loose-rock  dams,  which  do  not  remain  tight  except  by  continual  repair- 
ing, and  are  a  constant  source  of  annoyance. 

Catoctin  Creek,  Virginia,  has  its  source  in  Loudoun  County,  and 
discharges  into  the  Potomac  1  mile  above  Point  of  Eocks,  Maryland. 
Its  discharge  October  15  was  about  7  second-feet.  Xo  pollution  was 
observed. 

Goose  Creek  enters  Potomac  Eiver  opposite  Edwards  Ferry,  Mary- 
land. Its  discharge  October  14  was  19  second-feet.  This  creek  has  its 
head  waters  in  Fauquier  County,  Virginia,  and  offers  a  number  of  mill 
sites,  some  of  which  are  occupied  by  gristmills,  while  others  are  not 
being  utilized.    There  is  no  pollution  along  this  stream. 

Broad  Run  has  its  head  waters  in  Loudoun  County,  Virginia,  and  emp- 
ties into  the  Potomac  at  a  point  4  miles  below  the  mouth  of  Goose 
Creek.  Its  discharge  October  14  was  estimated  to  be  1  second-foot. 
No  pollution  was  observed. 

TRIBUTARIES  FROM  THE  NORTH. 

The  country  tributary  to  the  North  Branch  of  Potomac  Eiver,  com- 
prising an  area  of  1,365  square  miles,  is  of  a  hilly  character  and  for  the 
larger  part  thickly  wooded.  The  head  waters  of  the  North  Brancb 
proper  are  near  Fairfax  Stone,  on  the  West  Virginia  and  Maryland 
State  line,  at  an  elevation  of  about  3,000  feet.  Thence  the  river  ilows 
in  a  northeasterly  direction  for  about  40  miles,  forming  the  dividing 
line  between  Garrett  County,  Maryland,  and  Grant  County,  West  Vir- 
ginia, to  the  confluence  with  Savage  Eiver,  where  its  elevation  is  about 
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950  feet  (see  PI.  XYII,  A).  It  then  flows  southeasterly  a  distance  of  6 
miles  to  Keyser,  West  Virginia,  where  it  resumes  its  northeasterly 
course  for  23  miles,  reaching  Cumberland,  Maryland,  at  an  elevation  of 
600  feet.  At  this  i)oint  the  river  makes  a  sharp  bend,  and  after  flowing 
southerly  for  12  miles  unites  with  the  South  Branch  to  form  Potomac 
Eiver. 

Along  the  upper  part  of  its  course,  down  to  the  twin  towns  of 
Westernport,  Maryland,  and  Piedmont,  West  Virginia,  the  North 
Branch  flows  through  a  narrow  and  tortuous  valley,  the  steep  and 
wooded  hillsides  of  which  afford  little  opportunity  for  settlement.  The 
roads  are  few  and  bad,  and  the  West  Virginia  Central  and  Pittsburg 
Eailway  afibrds  the  only  means  of  transportation.  The  extensive 
lumber  trade  in  this  region  is  responsible  for  a  number  of  small  set- 
tlements along  the  river  and  the  existence  of  the  two  towns  of  Bayard, 
West  Virginia,  with  an  estimated  population  of  700,  and  Gormania, 
West  Virginia,  with  an  estimated  ])opulation  of  600  inhabitants. 

Owing  to  its  considerable  fall  along  this  section,  which  averages  46 
feet  per  mile,  but  in  some  portions  exceeds  60  feet  per  mile,  the  river 
assumes  much  the  nature  of  a  mountain  torrent,  ])resenting  one  con- 
tinuous series  of  rittles  and  falls,  the  latter  in  some  instances  having 
a  drop  of  5  feet  and  over.  There  seems  to  be  little  ojiportunity  for 
developing  the  water  powers  of  this  stream,  however  considerable  they 
may  be.  Freshets  are  freciuent  and  heavy,  and  would  inflict  serious 
damage  to  the  cheaper  forms  of  milldams.  Stone  and  brush  dams, 
crib  dams,  and  loose-rock  dams  would  either  be  swept  away  or  would 
require  incessant  repairs  and  rebuilding.  On  account  of  the  narrow- 
ness of  the  valley,  waste  weirs  would  be  impracticable,  and  dams  would 
have  to  be  built  to  withstand  the  heaviest  floods  passing  over  them, 
which  would  render  their  construction  elaborate  and  expensive.  It  is 
also  difficult  to  find  good  mill  sites.  The  following  discharge  measure- 
ments, made  in  September  and  October  of  1897,  will  serve  to  throw 
light  upon  the  capacity  of  the  river  during  the  dry  season:  September 
23  a  measurement  made  at  Gormania,  West  Virginia,  gave  a  discharge 
of  54  second-feet.  On  Sei)tember  25  the  discharge  of  the  river  at 
Schell  was  136  second-feet.  Measurements  made  above  the  junction 
with  Savage  River  on  September  27  and  October  27  gave  discharges 
of  122  and  102  second-feet,  respectively,  the  latter  fairly  representing 
the  capacity  of  the  North  Branch  at  this  point  during  the  severe 
drought  of  1807.  These  results,  together  with  the  large  amount  of 
available  head  and  the  fact  that  the  river  does  not  freeze  over  in  win- 
ter, seem  to  indicate  that  there  would  be  ample  power  at  all  times  for 
average  milling  puri)oses.  The  fact  that  no  attempt  has  been  made 
by  any  of  the  sawmills  and  tanneries  along  the  river  to  make  use  of 
water  power  has,  however,  sullicient  explanation.  The  first-named 
enterprises  use  steam  by  preference,  because  they  are  primarily  of  a 
teniporary  character,  liable  to  be  shifted  whenever  it  may  be  found 
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advantageous  to  shorten  the  distance  which  the  raw  materials  are  to 
be  hauled,  and  also  because  they  are  supplied  with  an  abundance  of  fuel, 
at  no  cost,  in  the  form  of  sawdust.  The  tanneries,  though  of  a  more 
permanent  character,  invariably  prefer  steam  power,  because,  besides 
being  able  to  utilize  tan  bark  as  fuel,  they  require  the  use  of  steam  in 
their  processes. 

A  small  water  power  has  been  developed  by  two  mills  at  Blaine, 
West  Virginia,  but  the  amount  is  trifling  in  comparison  with  what 
might  be  obtained  at  that  point.  One  15-inch  and  one  18-inch  turbine 
under  7^  feet  head  furnish  about  8  horsepower  to  a  small  woolen  mill. 
On  the  same  mill  race  is  situated  a  sawmill  and  gristmill  combined, 
which  obtains  about  25  horsepower  from  one  36-inch  turbine  under  9 
feet  head.  Water  is  taken  from  the  river  at  a  point  about  one-half 
mile  above  the  mills,  where  there  is  a  low  natural  dam  across  the  river. 

The  more  important  tributaries  were  visited  and  the  discharges  meas- 
ured. September  21  the  discharge  of  Buffalo  Creek  at  Bayard,  West 
Virginia,  was  found  to  be  23  second-feet.  The  water  was  heavily  laden 
with  sawdust  from  the  Buffalo  Lumber  Company.  Stony  Eiver,  the 
principal  tributary  above  the  mouth  of  Savage  River,  was  visited  Sep- 
tember 25.  Its  discharge  was  38  second- feet.  This  stream  flows 
through  a  hilly  region,  covered  with  thick  timber  growths,  and  has  no 
settlements  along  it  except  a  few  logging  camps.  The  head  waters  rise 
in  the  highest  part  of  the  Potomac  Basin,  at  an  altitude  of  4,000  feet. 
September  25  Abram  Creek  showed  a  discharge  of  7.4  second-feet. 
The  water  of  this  creek  carries  much  coal  dust  from  the  mines  at  Elk 
Garden,  West  Virginia,  and  also  receives  sawdust  from  a  sawmill  at 
Emory,  West  Virginia. 

The  North  Branch  all  along  this  upper  section  is  polluted  by  large 
quantities  of  sawdust  produced  by  fourteen  sawmills  (see  appended 
table,  pp.  155-156),  some  of  which  discharge  the  sawdust  directly  into 
the  river,  and  others  into  the  tributaries.  The  more  important  of  these 
are  the  sawmill  of  the  J.  L.  Eumbarger  Comi^any,  at  Dobbin,  West  Vir- 
ginia, with  a  capacity  of  100,000  feet  of  lumber  a  day;  the  saw  and 
planing  mills  of  M.  IST.  Wilson,  at  Wilson,  Maryland,  with  a  cajjacity  of 
20,000  feet  of  lumber  a  day,  and  of  the  Buffalo  Lumber  Company,  at  Bay- 
ard, West  Virginia,  with  a  capacity  of  50,000  feet  of  lumber  a  day.  It 
furthermore  receives  the  wastes  from  two  tanneries — those  of  the  Mid- 
dlesex Leather  Company,  at  Bayard,  West  Virginia,  with  a  capacity  of 
from  600  to  800  hides  a  day,  and  the  J.  T.  Hoffmann's  Sons  Company, 
at  Gormania,  West  Virginia,  with  a  capacity  of  300  hides  a  day.  The 
wastes  from  the  latter  establishments  consist  of  tan  liquor,  lime  water, 
and  a  certain  amount  of  tan  bark,  which  is  washed  from  the  banks  at 
times  of  high  water.  The  total  amount  of  this  ijollutioii  is  such  that  the 
river,  especially  during  the  dry  season,  has  a  foul  appearance  in  spite 
of  its  dashing  course  over  the  bowlders  of  its  rough  but  ijicturesque 
bed.    The  water  has  a  dark-brown  tinge,  very  suggestive  of  contami- 
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nation  by  tan  liquor,  and  particles  of  sawdust  are  extremely  plentiful 
and  are  carried  for  long  distances.  In  many  places  where  irregulari- 
ties in  the  current  have  caused  accumulations  of  sawdust,  small  banks 
and  bars  compo.sed  of  solid  strata  of  sawdust  are  to  be  found.  It  is 
a  noteworthy  fact  that  Stony  Hiver,  though  free  from  artificial  pollu- 
tion, exhibits  to  a  certain  degree  the  same  dark  color  peculiar  to  the 
waters  of  the  main  river.  It  is  stated  by  the  older  inhabitants  of  the 
region  that  the  color  had  been  observed  in  the  waters  of  the  ^STorth 
Branch  long  before  the  erection  of  sawmills  and  tanneries,  and  in  all 
probability  must  be  accounted  for  by  the  presence  of  decaying  vegetable 
matter  from  the  forests. 

About  2  miles  above  Westernport,  Maryland,  Savage  Eiver  empties 
into  the  North  Branch  (see  PI.  XYII,  B).  It  is  a  small  stream  of 
great  purity,  having  its  headwaters  in  Garrett  County,  West  Virginia. 
Only  two  small  sawmills  are  located  on  its  banks,  and  the  pollution 
caused  by  them  is  insignificant.  A  discharge  measurement  made  Octo- 
ber 27  at  the  mouth  of  the  stream,  above  the  intake  of  the  Piedmont 
water  supply,  gave  a  discharge  of  11.3  second-feet. 

The  town  of  Piedmont  and  part  of  Westernport  are  supplied  with 
drinking  water  by  a  gravity  system,  from  a  reservoir  which  is  kept 
tilled  by  pumping  water  from  Savage  Kiver.  The  quantity  pumped 
daily  is  estimated  at  .')7r),000  gallons. 

One-half  mile  above  Westernport,  at  Luke,  Maryland,  is  the  factory 
of  the  Piedmont  Pulp  and  Paper  Mill  Company,  which  has  a  daily 
capacity  of  40  tons  of  book  paper  and  50  tons  of  pulp.  In  the  process 
of  manufacturing  the  pulp  from  spruce  and  poplar  wood  the  wood  fiber 
is  disintegrated  by  treating  with  bisulphite  of  lime,  and  a  number  of 
chemical  residuals  are  formed  which  are  discharged  into  the  river. 
These  chemicals  consist  principally  of  sul])hates  and  sulphites  of  cal- 
cium, some  free  sulphuric  and  sulphurous  acids,  chloride  of  calcium  used 
in  bleaching  the  fiber,  and  a  large  amount  of  resinous  matter.  An 
analysis,  made  of  a  sample  of  the  effluent  from  one  of  the  digesters, 
shows  acids  as  follows: 


It  f  urther  appears  from  the  analysis  that  but  little  of  the  acid  occurs 
in  a  free  state,  being  chiefly  combined  with  organic  matter  contained 
in  the  effluent. 

Besides  these  chemical  compounds,  wastes  of  a  more  solid  nature  are 
discharged  into  the  river  at  this  i)oint.  A  small  amount  of  pulp  is  lost 
in  the  washing  of  the  fiber  ;  its  es(;ape  is  more  or  less  accidental,  signi- 
fying a  loss  against  which  the  owners  of  the  mill  keep  careful  watch. 
The  sediments  from  the  filter  tanks,  representing  the  materials  carried 
in  suspension  by  the  river  water,  are  screened  out  before  the  water  can 
be  used  in  the  process  of  manufacturing  pulp  and  paper,  and  are 


Grams  per  liter. 


SOs  (sulphuric  acid  aud  sulphates)  

SO:  (sulphurous  acid,  sulpho-acids,  etc.) 
Total  SO;  after  couiphite  oxidation  


1.030 
8. 800 
12.  030 
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returned  into  the  river.  The  filtering  plant,  established  solely  for  this 
purpose,  was  put  in  at  a  cost  of  $35,000.  The  water  of  the  North 
Branch  is,  therefore,  hardly  fit  for  industrial  purposes,  much  less  for 
domestic  use.  The  action  of  the  acids  on  the  clay  contained  in  the 
water,  together  with  the  small  amount  of  pulp  referred  to,  form  a  gray 
compound  which  is  found  to  coat  the  stones  in  the  bed  of  the  river 
below  the  mill,  and  is  frecpiently  spoken  of  as  waste  pulp. 

The  North  Branch,  in  passing  the  towns  of  Piedmont  and  Western- 
port,  receives  a  large  amount  of  impurity  in  the  form  of  sewage  and 
garbage,  and  is  badly  polluted  by  the  water  of  Georges  Creek,  which 
enters  the  river  at  Westerniwrt  (see  PI.  XYIII).  This  small  stream, 
in  its  course  of  ITmiles,  receives  the  effluents  of  a  number  of  coal  mines, 
besides  the  drainage  and  sewage  of  several  towns,  the  most  important 
of  which  are  Frostburg,  Lonaconing,  and  Westeruport,  Maryland,  with 
populations  of  6,000,  4,200,  and  2,000,  respectively. 

When  measured  at  Westernport  September  28,  the  discharge  of 
Georges  Creek  was  found  to  be  0  second-feet,  a  very  low  stage.  The 
water,  which  is  very  clear,  possesses  such  acidity  that  horses  and  cattle 
refuse  to  drink  it,  and  no  living  organisms  can  be  seen  in  it.  An  analy- 
sis shows  acids  as  follows : 


The  water  also  contains  a  large  quantity  of  alumina.  The  presence 
of  the  sulphuric  acid  and  sulphates  is  due  to  the  large  percentage  of 
ferric  sulphate  contained  in  the  coal-mine  effluent.  Being  an  unstable 
compound,  it  breaks  up  when  acted  upon  by  the  oxygen  of  the  air, 
parting  with  the  iron  which  settles  on  the  rocks  in  the  bed,  forming  a 
coating  of  ferric  hydroxide  which  gives  to  the  entire  stream  a  very 
rusty  appearance. 

The  North  Branch,  between  Westernport,  Maryland,  and  Keyser, 
West  Virginia,  has  little  fall.  Near  the  latter  town  it  passes  over  an 
old  milldam.  The  fall,  though  slight,  causes  a  thick  froth  to  form  on 
the  water,  covering  the  entire  river  below  the  dam  with  a  white  coat 
of  scum  several  inches  deep,  a  strong  evidence  of  the  foulness  of  the 
water.  The  town  of  Keyser,  which  has  an  estimated  population  of 
3,500,  although  not  situated  on  the  banks  of  the  North  Branch,  adds 
materially  to  the  pollution  of  the  latter.  New  Creek,  a  tributary  of 
the  North  Branch,  passes  through  the  town  and  carries  off  besides 
sewage  the  effluents  from  the  Keyser  Woolen  Mills.  The  waste  water 
resulting  from  the  washing  of  the  wool  with  sal  soda  and  soap  prob- 
ablj^  constitutes  the  most  obnoxious  element  in  this  effluent,  contain- 
ing as  it  does  much  animal  matter  subject  to  decay.  The  pollution 
from  this  source  alone  is  estimated  at  1,200  gallons  a  day.  Besides 
this,  a  variety  of  chemicals  are  discharged  into  the  water,  together 
with  much  coloring  matter  used  in  dyeing  the  wool.    On  New  Creek  6 


Grams  per  liter. 


Combined  sulphuric  acid,  as  SO3 

Free  sulphuric  acid,  as  SO3  

Suljiliurous  acids  and  sulphites  . 


0. 7350 
0. 1047 
None. 
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B. 


VIEWS  OF  GEORGES  CREEK  AT  WESTERNPORT,  MARYLAND. 

A.  From  a  point  near  the  confluence  of  the  cieek  with  the  North  Branch  of  Potomac 
River,  looking  upstream  from  the  West  Virginia  Central  and  Pittsburg  Railroad 
bridge;  B.  Looking  upstream  from  the  Washington  street  bridge. 
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miles  above  Keyser  is  situated  a  tannery  owned  by  tlie  United  States 
Leather  Company  with  a  capacity  of  00  hides  a  day.  All  waste  tan 
li(|Uor  is  discharged  into  the  creek,  the  waters  of  which  are  discolored 
for  a  distance  of  3  miles  below  the  tannery.  There  are  two  small  saw- 
mills on  this  stream,  but  the  sawdust  discharged  by  them  is  insignifi- 
cant in  amount.  The  discharge  of  Xew  Creek  was  measured  near  its 
mouth  on  September  1*9,  and  found  to  be  3.5  second-feet. 

There  are  a  number  of  mills  and  manufactories  of  various  kinds  at 
Keyser,  all  of  which  were  visited,  but  none  were  found  to  contribute 
in  any  measure  to  the  pollution  of  the  river.  At  the  Baltimore  and 
Ohio  car  shops,  at  the  time  of  visit,  a  sewer  to  drain  the  sewage 
of  the  shoi)S  into  the  i^orth  Branch  was  under  construction.  The 
number  of  hands  emi)loyed  aggregates  100.  Along  the  23  miles  of  its 
course  from  Keyser  down  to  Cumberland,  Maryland,  the  North  Branch 
receives  no  i)ollution  other  than  that  from  natural  sources.  A  distil- 
lery on  Cranberry  Run  and  the  works  of  the  Cumberland  Cement 
Company,  both  situated  near  Pinto  post-office,  were  visited,  but  no 
wastes  observed  at  these  points.  The  river  along  this  section  has  an 
average  fall  of  12  feet  per  mile  and  rifdes  are  few  in  number. 

At  Cumberland,  Maryland,  the  North  Branch  assumes  a  totally  dif 
ferent  aspect.  A  tight  dam  maintained  across  the  river  at  this  point 
by  the  Chesapeake  and  Ohio  Canal  Company  for  diverting  the  water 
of  the  river  into  the  head  of  the  canal,  impounds  the  water  over  a  dis- 
tance of  a  mile,  causing  back  water  for  about  3  miles  up  the  river  (see 
PI.  XX).  Above  this  dam  is  the  mouth  of  Wills  Creek,  which  flows 
through  the  city  (see  PI.  XIX),  receiving  a  large  quantity  of  sewage 
and  refuse  from  a  i)aper  mill,  a  brewery,  a  distillery,  cement  works,  a 
tannery,  dye  works,  and  a  gas  plant.  The  city  of  Cumberland  has  a 
population  of  about  15,000.  The  mayor  states  that  about  one-half  of 
the  houses  in  the  city  are  provided  with  sewers  which  drain  directly  or 
indirectly  into  the  Potomac.  A  supply  of  2,500,000  gallons  of  water  is 
furnished  daily  to  the  peojde  of  the  city,  and  the  resulting  drainage 
must  be  more  than  1,000,000  gallons  per  day,  most  of  wliicli  is  dis- 
charged into  Wills  Creek.  Along  this  stream  are  located  a  number  of 
coal  mines,  the  drainage  of  which  also  reaches  the  creek.  A  discharge 
measurement  made  September  28  above  the  paper  mill  gave  a  dis- 
charge of  12.5  second-feet.  As  may  be  exx)ected,  the  refuse  thrown 
into  Wills  Creek,  the  ])ol]uting  substances  carried  by  the  waters  of  the 
North  Bran<!h  as  enumerated  above,  and  the  sewag(^  from  the  city  of 
Cumberhmd  accumulate  in  the  pond  above  the  dam  as  if  in  a  settling 
basin.  This  is  the  case  especially  in  seasons  of  low  water,  when  no 
water  passes  over  the  crest  of  the  dam.  About  400  yards  above  the 
dam  is  the  intake  of  the  Cumberland  waterworks;  the  water  is  pumped 
from  the  river  directly  into  the  water  mains  and  is  served  to  the  inhab- 
itants without  being  purified  through  filter  beds  or  other  artificial 
means.    Serious  complaints  have  arisen  from  year  to  year  during  the 
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dry  season,  when  the  water,  besides  being  unpalatable,  is  scarcely  clean 
enough  for  laundering  purposes.  Of  the  large  percentage  of  impuri- 
ties which  the  water  contains  at  such  times,  a  portion  is  doubtless  made 
up  of  sewage  from  the  city  that  has  backed  up  to  the  point  of  intake. 
The  city  authorities  have  for  several  years  looked  about  for  a  better 
source  of  supply,  but  as  yet  no  improvements  have  been  made. 

Between  Cumberland  and  the  confluence  with  the  South  Branch  the 
North  Branch  receives  no  artificial  pollution  so  far  as  could  be  ascer- 
tained. It  receives  through  this  section  two  tributaries,  Evitts  Creek, 
entering  from  the  north,  and  Patterson  Creek,  from  the  south.  The 
discharge  of  the  former  when  measured  at  its  mouth,  September  25, 
1897,  was  21  second-feet;  that  of  the  latter,  12.3  second-feet.  There  are- 
a  few  small  mills  along  these  streams,  but  no  indication  of  any  source 
of  contamination. 

A  regular  gaging  station  has  been  maintained  for  several  years  on 
the  North  Branch  at  Cumberland,  at  the  West  Virginia  Central  and 
Pittsburg  Railway  bridge.  A  description  of  the  station  and  the  loca- 
tion of  the  gage  rod  is  contained  in  Water-Supply  and  Irrigation 
Paper  No.  15,  p.  15,  together  with  a  table  of  daily  gage  heights  for 
1897  and  a  list  of  the  discharge  measurements  made  during  the  year. 
Observations  at  this  statiou  were  discontinued  in  November,  1897. 

Mating  table  for  North  Branch  of  Potomac  Biver  at  Cumberland,  Maryland. 


[This  table  is  applicable  from  January  1, 1897,  to  August  31, 1897.] 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

2.5 

80 

3.4 

835 

4.3 

3,  015 

5.2 

5,  535 

2.6 

86 

3.5 

990 

4.4 

3,295 

5.5 

6,375 

2.7 

110 

3.6 

1, 165 

4.5 

3,  575 

6.0 

7,  775 

2.8 

140 

3.7 

1, 365 

4.6 

3,855 

7.0 

10,  575 

2.9 

180 

3.8 

1, 615 

4.7 

4, 135 

8.0 

13,  375 

3.0 

255 

3.9 

1, 895 

4.8 

4, 415 

9.0 

16, 175 

3.1 

375 

4.0 

2, 175 

4.9 

4,695 

10.0 

18,  975 

3.2 

525 

4.1 

2,455 

5.0 

4,  975 

11.0 

21, 775 

3.3 

680 

4.2 

2,735 

5.1 

5, 255 

t 
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Estimated  monthly  discharge  of  North  Branch  of  Potomac  River  at  Cumberland,  Maryland. 

[Drainage  area,  891  square  miles.] 


Month. 

Discharge  in  second-feet. 

Total  in 

acre-feet. 

Kun-off. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1897. 

January  

2, 175 

525 

836 

51,  404 

1.08 

0. 94 

February  

20, 375 

835 

3,610 

200,  489 

4.  21 

4.05 

March  

7,775 

1, 165 

2,  744 

168,  720 

3.55 

3.08 

April  

6,095 

180 

1, 570 

93, 421 

1. 96 

1.76 

May  

11, 975 

180 

2, 162 

132,936 

2.79 

2.  42 

June  

255 

80 

165 

9, 818 

0.  21 

0. 19 

July  

525 

85 

199 

12,  236 

0. 25 

0. 22 

August  

990 

85 

256 

15,  741 

0.  33 

0. 29 

September  («)  

525 

10 

70 

4, 165 

0.  09 

0. 08 

October (a)   

110 

20 

40 

2,  460 

0.04 

0.04 

o  Approximate. 


1,000 


Fig.  34.— Discharge  of  North  Branch  of  Potomac  River  at  Cumberland,  Maryland,  1897. 

Town  Creek,  wliich  rises  in  Bedford  County,  Pennsylvania,  and 
empties  intotlie  Potomac  a  few  miles  be^owtbe  confluence  of  the  Korth 
and  South  braiu  hes,  has  good  and  clear  water,  bearing  no  evidence 
of  pollution.  There  are  two  mills  on  the  creek,  besides  several  good 
but  small  water  powers  as  yet  undeveloped.  The  discharge  September 
25  was  11  second-feet. 
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Pnrsley  Eun,  which  discharges  opposite  Pawpaw,  and  Fifteenmile 
Creek,  which  discharges  near  Little  Orleans,  Maryland,  are  small 
streams  with  turbid  waters.  Each  had  a  discharge  September  26  of 
0.5  second-foot. 

Sideling  Creek  rises  in  Bedford  County  and  furnishes  power  to  sev- 
eral gristmills  and  sawmills.  Its  waters  are  clear  and  are  not  jiolluted. 
The  discharge  September  26  was  1  second-foot. 

Little  Tonoloway  Creek  rises  in  Fulton  County,  Pennsylvania,  and 
discharges  into  the  Potomac  near  Hancock,  Maryland.  Its  discharge 
October  11  was  5.4  second  feet.  There  are  two  small  flour  mills  on  the 
creek,  but  no  sources  of  pollution. 

Big  Tonoloway  Creek  rises  in  Fulton  County,  Pennsylvania,  and- 
empties  into  the  Potomac  1  mile  below  Hancock.    The  discharge  Octo- 
ber 1  was  5.6  second  feet.    The  power  is  utilized  to  drive  flour  mills. 

Licking  Creek  rises  in  Fulton  County,  Pennsylvania,  and  discharges 
into  the  Potomac  <S  miles  below  Hancock.  The  discharge  October  1 
was  22  second-feet. 

Big  Spring  Eun  is  a  short  stream  with  a  discharge  October  7  of  about 
4  second-feet.  It  empties  into  the  Potomac  near  Clearsjiring,  Mary- 
land, where  a  fall  of  18  feet  is  obtained  for  mill  power. 

Little  Couococheague  Creek  rises  in  Washington  County,  Maryland, 
and  empties  into  the  Potomac  8  miles  above  Williamsport  at  John 
Charles's  mill,  which  utilizes  its  power  with  a  fall  of  16  feet.  The  dis- 
charge October  fl"  was  estimated  to  be  2.5  second-feet. 

Couococheague  Creek  rises  in  Franklin  County,  Pennsylvania,  and 
empties  into  the  Potomac  at  Williamsport,  Maryland.  The  discharge 
October  2  was  197  second-feet.  A  large  tannery  has  been  started  at 
Williamsport,  the  refuse  of  which  discharges  directly  into  the  river. 
The  town  has  a  population  of  1,500,  but  has  neither  a  public  water  sup- 
ply nor  a  drainage  system.  A  large  sawmill  at  this  point  derives  water 
power  from  the  Chesapeake  and  Ohio  Canal,  and  discharges  its  saw- 
dust into  the  river.  The  Couococheague  is  badly  polluted  by  the 
sewage  from  Chambersburg,  Pennsylvania,  a  city  of  10,000  inhabitants, 
I)rovided  with  a  public  water  supply  derived  from  reservoirs,  the  water 
being  pumped  from  the  creek.  There  is  no  sewerage  system,  but  there 
are  many  private  sewers.  Further  pollution  is  caused  by  a  mill  of  the 
Chambersburg  W-'oolen  Company,  which  derives  50  horsepower  with  a 
fall  of  22  feet  from  a  tributary  of  the  creek,  besides  several  slaughter- 
houses located  on  its  banks.  The  power  of  the  creek  at  this  j)lace  is 
used  by  Wolf  &  Co.  in  the  manufacture  of  milling  machinery,  and  by 
Sierer  &  Co.,  manufacturers  of  furniture,  the  aggregate  fall  utilized 
being  13  feet. 

Autietam  Creek  has  its  source  in  Franklin  County,  Pennsylvania,  and 
discharges  into  the  Potomac  about  8  miles  above  Harpers  Ferry,  West 
Virginia.  The  discharge,  October  12,  as  measured  near  its  mouth,  when 
the  gage  at  the  regular  gaging  station  at  Sharj)sburg,  Maryland,  read 
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1.7  feet,  was  120  secoud-feet.  The  i)ower  of  the  stream  is  utilized  by 
several  flour  mills,  aud  at  one  point  by  the  paper  mill  of  Stonebraker  «& 
Co.  The  stream  drains  large  areas  of  highly  cultivated  lands,  but 
the  greatest  source  of  pollution  is  likely  to  be  Marsh  Eun,  a  small 
tributary  flowing  through  and  draining  Hagerstown,  Maryland,  which 
has  a  population  of  16,000.  The  town  is  supplied  with  water  by  a  pri- 
vate corporation  which  guarantees  to  furnish  75  gallons  per  capita  a 
day.  The  water  is  pumped  to  a  reservoir  from  a  spring  about  8  miles 
from  town.  Hagerstown  is  not  i)rovided  with  a  public  sewer  system, 
but  private  cesspools  exist  and  there  is  a  system  of  public  drains,  dis- 
charging into  Marsh  Eun,  the  effluent  of  one  being  of  an  exceedingly 
offensive  character.  Marsh  Eun  had  a  discharge,  October  9,  of  4 
second-feet. 

Following  are  the  results  of  observations  and  discharge  measure- 
ments made  on  Autietam  Creek  at  the  regular  gaging  station  estab- 
lished June  24,  1897,  and  described  in  Water- Supply  and  Irrigation 
Paper  No.  15,  p.  16 : 


Rating  tahle  for  Antietam  Creek  at  Sharpsburg,  Maryland,  for  1897. 


Gage 
height. 

Discharge.  ^ 

1 

Gage 
height. 

Discharge. 

Gage 
heiglit. 

Discharge. 

Gage 
height. 

Discliarge. 

Feet. 

1 

Second-feet. ' 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

1.2 

38 

1.7 

-  138 

2.2 

304 

2.7 

470 

1.3 

45 

1.8 

171 

2.3 

337 

2.8 

503 

1.4 

60 

1.9 

205 

2.4 

371 

2.9 

537 

1.5 

80 

2.0 

238 

2.5 

404  . 

3.0 

570 

1.6 

105 

2.1 

271 

2.6 

437 

Eniimated  vwnllthj  (Jixcharge  of  Aniieiam  Creek  at  Sharpslmrg,  Maryland. 
[Drainage  ai'ea,  293  square  miles.]  . 


MoDtll. 

Discharge  in  second-feet. 

Total  in  aero- 
feet. 

Kun-of}\ 

Maxi- 
mnm. 

Mini- 
mum. 

Mean. 

Depth  iu 
inches. 

Second- 
feet  per 
square 
mile. 

1897. 

July  

271 

92 

160 

9, 838 

0.  63 

0.55 

August  

570 

60 

168 

10,  329 

0.66 

0. 57 

September  

205 

60 

112 

6,  664 

0.43 

0.  38 

Oftobor  

171 

60 

106 

6,518 

0.41 

0. 36 

November  

470 

(;n 

147 

8,  746 

0.56 

0.50 

DecembcT  

404 

JO.-. 

237 

14,  .573 

0. 93 

0.  81 
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JAN. 
10  20 

FEB. 
10  20 

MARCH 

10  20 

APRIL 
10  20 

MAY 
10  20 

JUNE 
10  20 

JULY 
10  20 

AUG. 
10  20 

SEPT 
1020 

OCT 
10  20 

NOV 

10  20 

DEC. 
10  20 

f4 

0 

C( 

0 

Fig.  35. — Discharge  of  Antietam  Creek  at  Sharpsburg,  Maryland,  1897. 


The  principal  station  for  ascertaining  the  quantity  of  flow  of  Shenan- 
doah Eiver  is  at  Millville,  West  Virginia,  at  a  point  about  4  miles 
above  Harpers  Ferry.  The  station  is  described  in  Water-Supply  and 
Irrigation  Paper,  jS^o.  15,  p.  19.  The  bulletin  referred  to  also  contains 
the  daily  gage  heights  for  1897  and  the  discharge  measurements 
made  during  the  year.  With  the  aid  of  these  and  measurements  from 
previous  years  a  rating  curve  was  constructed  and  a  rating  table 
computed. 


Rating  table  for  Shenandoah  Jtirer  at  Millville,  West  Virginia,  for  1897. 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

0.3 

600 

1.6 

1,650 

3.6 

5, 800 

5.6 

11,  970 

0.4 

620 

1.8 

1,  960 

3.8 

6, 280 

5.8 

12,  700 

0.5 

650 

2.0 

2,310 

4.0 

6,800 

6.0 

13,  430 

0.6 

710 

2. 2 

2,  700 

4.2 

7,  320 

6.2 

14, 160 

0.7 

780 

2.4 

3, 100 

4.4 

7,900 

6.4 

14,  890 

0.8 

850 

2.6 

3,  500 

4.6 

8,510 

6.6 

15,  620 

0.9 

920 

2^8 

3,  930 

4.8 

9, 160 

6.8 

16,  350 

1.0 

990 

3.0 

4,370 

5.0 

9,  830 

7.0 

17,080 

1.2 

1, 160 

3.2 

4,  840 

5.2 

10, 530 

1.4 

1,  390 

3.4 

5,  320 

5.4 

11,  240 
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Estimated  monthly  discharge  of  Shenandoah  River  at  MiVviUe,  West  Virginia. 

[DraiDage  ares,  2,995  square  miles.] 


Month. 


Discharge  in  second-feet. 


Maxi- 
mum. 


1897. 

January   1, 650 

February    28,310 

March  j  6,040 

April   3,100 

May   25,290 

June   2, 130 

July   3,  500 

August   1,390 

September  .1  1, 215 

October  I  920 

November   1, 270 

December   3, 7C0 


The  year   28,310 


Mini- 
mum. 


990 
1,070 
2,  310 
1,  390 
1,390 
920 
850 
710 
620 
610 
650 
710 


Mean . 


1,  185 
10, 107 

4,  579 

2,  374 

5,  579 
1,391 
1,267 

886 
661 
684 
791 
1,  420 


610  2,577 


Total  in  acre- 
feet. 


72, 863 
561,  315 
281, 552 
141,  263 
343, 040 
82,  770 
77,  905 
54, 478 
39,  332 
42, 058 
47,  068 
87, 312 


Run-off. 


Deptli  in 
inches. 


1,  830,  956 


0. 46 
3. 51 
1.76 
0.88 
2. 14 
0. 52 
0. 48 
0.35 
0.24 
0. 26 
0. 29 
0.54 


11.43 


Second- 
feet  per 
square 
mile. 


0.  40 
3. 37 
1.53 
0.79 
1.86 
0. 46 
0. 42 
0. 30 
0.22 
0.23 
0. 26 
0.  47 


0. 86 


JAN 

10  20 

FEB 
10  20 

MARCH 
10  20 

APRI  L 
10  20 

MAY 

10  20 

JUNE 

CO  20 

J  u  uv 
10  ^0 

0  uc 

iQ 

Sf  PT 

10  20 

OCT 

10  20 

NOV 

10  20 

otc 

10  20 

1 

i 

1 

1 

J 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

S«-.  ft. 
24,  000 

22.000 

20, 000 

18, 000 

16,000 

14,000 

12,000 

10, 000 

8,000 

6,000 

4,  000 

2,000 

0 


Fig.  36.— Discharge  of  Shenandoah  Uiver  at  Millvillo,  West  Virginia,  1897. 
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Catoctiu  Creek  of  Maryland  has  its  source  in  Frederick  County, 
and  joins  the  Potomac  3  miles  above  Point  of  Eocks.  The  discharge 
October  14  was  20  second-feet.  There  are  two  small  flour  mills  on  the 
creek. 

Measurements  of  flow  and  daily  observations  on  Potomac  River 
proper  were  made  at  the  regular  gaging  station  at  Point  of  Eocks. 
The  rating  table  for  1897  is  the  same  as  that  for  1896,  published  in 
the  Eighteenth  Annual  Eeport,  Part  lY,  p.  31.  In  Water  Supply  and 
Irrigation  Paper  No.  15,  p.  21,  where  a  description  of  the  station  is 
given,  it  is  stated  that  the  gage  wire  had  sti'etched,  but  that  the 
heights  had  been  corrected,  those  in  August  and  September  being 
approximated.  It  was  subsequently  found  thut  the  correction  should 
be  applied  earlier,  beginning  April  1, 1897,  and  that  the  discharges  for 
this  station,  as  published  in  Senate  Doc.  No.  90,  Fifty-fifth  Congress, 
second  session,  are  in  error.  They  have  been  corrected  in  the  following 
table : 

Estiviaftd  monthly  discharge  of  Potomac  River  at  Point  of  Pocks,  Maryland. 


[Drainage  area,  9,6o4  aquare  miles.] 


Discharge  in  second-feet. 

Run-off. 

Month. 

Total  in  acre- 
feet. 

Second- 

Maxi- 

Mini- 

Mean. 

Depth  in 

feet  per 

mum. 

mum. 

inches. 

square 

mile. 

1897. 

January  

8,  950 

3,050 

4,985 

306, 515 

0.  60 

0. 52 

February   

187,  640 

7,  150 

41,  690 

2,315,  344 

4.50 

4.  32 

March  

29, 100 

11,  650 

20, 157 

1, 239,  405 

2. 41 

2.  09 

April   

28,  000 

7, 150 

12,  314 

732,  734 

1.43 

1.28 

May  

99,  280 

7, 150 

22,  605 

1,  389,  927 

2.  70 

2. 34 

June  -  

8,  050 

4, 500 

6,  320 

376,  066 

0.  72 

0.65 

Julv  

9,  850 

3,  400 

5, 424 

333, 509 

0.  64 

0.56 

August  

5,  900 

2, 400 

3, 574 

219,  757 

0. 43 

0. 37 

September  

2,  400 

1, 000 

1,  350 

80,  330 

0. 16 

0. 14 

October   

1,  400 

800 

935 

57,  490 

0.12 

0. 10 

November  

5,  200 

1,  400 

2,  720 

161, 851 

0.  31 

0.  28 

December  

18,  860 

3,  400 

7,140 

439, 022 

0.85 

0.  74 

The  year  

187,  640 

800 

10,  768 

7,  651,  950 

14. 87 

1. 12 
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Fig.  37.— Dischargo  of  Potomac  Eiver  at  Point  of  Rocks,  Maryland,  1807. 


South  Tuscarora  Creek,  a  small  stream  with  a  discharge  October  15 
of  3  second-feet,  has  its  source  in  Frederick  County,  and  Joins  the 
Potomac  4  miles  below  Point  of  Itocks. 

Monocacy  River  rises  in  Adams  County,  Pennsylvania,  and  has  a 
drainage  area  of  about  1,000  square  miles,  the  greater  portion  of  it 
being  a  rolling  limestone  country  of  highly  cultivated  farms.  Its  waters 
consequently  carry  much  muddy  matter  in  suspension  and  appear  turbid. 
The  greatest  pollution  received  by  it  comes  from  Carroll  Creek,  which 
in  its  course  through  Frederick,  Maryland,  a  town  of  10,000  inhabitants, 
receives  a  large  amount  of  sewage  and  surface  drainage.  Frederi('k  is 
supplied  with  water  by  direct  i)umping,  the  average  consumption  being 
50  gallons  per  capita  a  day.  There  is  no  sewer  system,  but  private 
cesspools  and  i)ublic  surface  drains  abound.  Pollution  is  further 
caused  by  two  tanneries,  each  with  a  capacity  of  50  hides  a  week,  dye- 
stuffs  and  washings  from  the  l^nion  Knitting  Mills,  and  sewage  from 
the  Frederick  County  almshouse.  Carroll  Creek  had  a  discharge  Octo- 
ber 14  of  0  second-feet.  A  flour  mill  located  on  the  creek  obtains  water 
power  with  a  14-loot  fall.  There  are  few  good  mill  sites  on  the  Monoc- 
acy, owing  largely  to  its  moderate  fall;  but  some  of  its  tributaries  are 
more  favorabh;  in  this  respect,  and  furnish  power  to  a  number  of  mills. 
Tbe  discharge  of  the  Monocacy  October  15,  measured  at  its  moutli, 
7  miles  below  Point  of  Kocks,  was  219  second-feet,  when  the  gage 
at  Frederick  read  4.4  feet.  This  station  is  described  in  Water-Sui)ply 
and  Irrigation  Paper  No.  15,  p.  20.     I'ollowing  are  the  results  of 
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observations  and  discharge  measurements  made  at  the  station  during 
the  year  1897 : 


Batinfi  table  for  Monoc.aey  River  at  Frederick,  Maryland,  for  1897. 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
heignt. 

Discharge. 

Gage 
heignt. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

3.6 

45 

6.0 

1,020 

8.4 

3,084 

10.8 

o,  148 

3.8 

90 

6.2 

1, 192 

8.6 

3,  256 

11.0 

5,  320 

4.0 

150 

6.4 

1,  364 

8.8 

3,  428 

11.5 

5,750 

4.2 

210 

6.6 

1,536 

9.0 

3,  600 

12.0 

6,180 

4.4 

270 

6.8 

1,  708 

9.2 

3,  772 

12.5 

6,610 

4.6 

340 

7.0 

1,880 

9.4 

3, 944 

13.0 

7,  040 

4.8 

420 

7.2 

2,052 

9.6 

4, 116 

13.5 

7,  470 

5.0 

500 

7.4 

2,  224 

9.8 

4,288 

14.0 

7,900 

5.2 

600 

'.  7.6 

2,  396 

10.0 

4, 460 

14.5 

8,  330 

5.4 

700 

7.8 

2, 568 

10.2 

4,  632 

15.0 

8,  760 

5.6 

800 

8.0 

2, 740 

10.4 

4,  804 

15.5 

9, 190 

.5.8 

900 

8.2 

2,  912 

10.6 

4,  976 

16.0 

9,  620 

Estimated  monthly  discharge  of  Monocacy  River  at  Frederick,  Maryland. 
[Drainage  area  665  squaio  miles.] 


Discharge  in  second-feet. 

Run-off. 

Month. 

Total  in  acre- 
feet. 

Second- 

Maxi- 

Mini- 

Mean. 

Depth  in 

feet  per 

mum. 

mum. 

inches. 

square 

mile. 

1897. 

January  

750 

150 

324 

19,  922 

0.  56 

0.  49 

FebruarT   

8,  760 

270 

2,012 

111,  741 

3. 15 

3.  03 

March     

4,  288 

600 

1,  435 

88,  235 

2. 47 

2. 14 

April   

3,858 

340 

932 

55,  458 

1.56 

1.40 

May   

9,  276 

240 

1,  598 

98,  257 

2.  77 

2.  40 

June  

2,  310 

210 

515 

30,645 

0. 85 

0.  77 

July  

4,  374 

210 

734 

45, 132 

1. 27 

1.10 

August  

9,  792 

180 

939 

57,  737 

1.61 

1.40 

September  

825 

105 

193 

11,  484 

0. 32 

0.  29 

October  

255 

77 

134 

8,239 

0. 23 

0. 20 

November  

8,631 

322 

1,  007 

59,  921 

1.70 

1.52 

December  

8,717 

575 

1,  976 

121,  500 

3. 43 

2.  97 

The  year  

9. 792 

77 

983 

708,  271 

19.92 

1.48 
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Fig.  38.— Discharge  of  Monocacy  River  at  Frederick,  Maryland,  1897. 


Seneca  Creek  lias  its  head  waters  iu  Montgomery  (bounty,  Maryland, 
and  empties  into  the  Potomac  10  miles  above  Great  Falls.  Its  dis- 
charge October  15  was  25  second-feet.  It  furnishes  power  to  several 
mills,  one  near  its  mouth  utilizing  a  fall  of  14  feet.  Ko  pollution  was 
observed. 

Rock  Creek  has  its  source  in  Montgomery  County,  and  discharges 
into  the  Potomac  at  Washington,  District  of  Columbia.  In  its  course 
through  Georgetown  it  receives  much  sewage  and  refuse.  There  are 
no  mill  sites  on  it  of  any  importance.  A  regular  gaging  station  is 
maintained  at  the  bridge  iu  the  National  Zoological  Park,  a  descrip- 
tion of  which,  containing  also  the  daily  observations  and  discharge 
measurements  made  during  the  year  1897,  will  be  found  in  Water- 
Sui)i)ly  and  Irrigation  Paper  Xo.  15,  p.  22.  There  was  not  a  snfli- 
cient  number  of  measurements  on  which  to  base  a  rating  table. 

Table  of  industries  and  sources  of  pollution  along  the  North  Branch  of  Potomac  River. 


Stream. 


Locality. 


Jsorth  Branch  . . .  Cedar  Cliff;  W.  Va  . 

Do   Pinto,  Md  

Do  '  Keyser,  W.  Va  

New  Creek  do  

Do  do  

Do  I  New  Creek,  W.  Va. 

Do   Mineral  County  ... 


Industry. 


Cement  mill  

 do  

B.  and  O.  car  shops. 
Woolen  mill  


North  Branch  . . 
Georges  Creek. . 


Piedmont,  W.  Va. 
Westemport,  Md. 


Tannery . . , 
2  sawmillH 


Pollution. 


None. 

Do. 
Sewage. 

Dj  es,  wool  washings. 
Sewage. 

Tan  liquor,  limewater. 
Sawdust  (amount  insig. 

uificant). 
Sewage  and  garbage. 
Do. 
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Table  of  industries  and  sources  of  pollution  along  the  North  Branch  of  Potomac  Biver — 

Continued. 


Stream. 


Georges  Creek . . 
Do  


JCorth  Braiicli  -  - . 

Savage  liiver  

Bo  

North  Branch  . . . 


Do  

Do  

Do  

Three  Forks  Run . 
North  Branch  . . . 

Do  

Do  

Ahraui  Creek  

Do  


North  Branch 

Do  

Do  

Do  


Nydegger  Run . . 
Buffalo  Creek. . . 
North  Branch  . . 

Do  

Do  

Do  


Locality. 


Lonaconing,  Md  

Between  Weaternport 

and  Trostburg,  Md. 
Luke,  Md  


Industry. 


25  coal  mines 
Pulp  mill ... . 


Frankville,  Md  

New  Germany,  Md. 
Empire,  W.  Va  


Windom,  W.  Va  

Linwood,  W.  Va  

Shaw,  "W.  Va  

Chaffee,  Md  

Blaine,  Md  

 do  

Near  Harrison,  W.  Va. 

Emory,  "W.  Va  

Elk  Garden,  W.  Va  


Maple  Run,  W.  Va. 

Sehell,  Md  

Bradshaw,  Md  

Gormania,  W.  Va  .  - 


Near  Gorman,  Md. 
Bayard,  W.  Va.... 

 do  

Wilson,  Md  

Dobbin,  W.  Va.... 


Sawmill  .. 

 do  .... 

Coal  mine. 


 do  

Sawmill.,  

 do  

 do  

Woolen  mill  a  

Grist  and  sawmill  a. 

Sawmill  

 do  

Coal  mines  


Sawmill  . 

 do  ... 

 do  ... 

Tannery . 

Sawmill  . 

 do  ... 

Tannery . 
Sawmill  . 
 do  ... 


Wilsonia,  W.  Va  do 


Pollution. 


Sewage  and  garbage. 

Iron   oxides    and  sul- 
phates. 

Waste  pulp,  sulphites, 
sulphates. 

Sawdust. 
Do. 

Iron    oxides    and  sul- 
phates. 

Do. 
Sawdust. 

Do. 

Do. 
Insignificant. 
Sawdust. 

Do. 

Do. 

Iron    oxides    and  sul- 
phates. 
Sawdust. 

Do. 

Do. 

Waste  liquor,  lime  water, 

and  tan  bark. 
Sawdust. 
Do. 

Tan  liquor,  limewater. 
Sawdust. 

Do. 

Do. 


a  Steam  power  is  made  use  of  by  the  above  industries,  with  the  excci)tion  of  the  mills  at  Blaine ; 
the  woolen  mill  utilizes  a  fall  of  7J  feet  and  the  grist  and  saw  mill  one  of  9  feet,  the  powers  obtained 
being  8  and  25  horsepower,  respectively. 

Table  of  ivater  powers  and  sources  of  pollution  in  the  Shenandoah  Basin. 
[Mills  using  steam  power  are  marked  with  an  asterisk  (*)  in  the  column  headed  "Total  faU  utilized."] 


Stream. 


Shenandoah  River. 
Flowing  Run  


Locality. 


Harpers  Ferry, 

W.  Va. 
Halltown,  W.  Va.. 


Do  

Shenandoah  River. 
Evitt  Run  


Do. 


 do  

Millvillc,  W.  Va. 
Charlestown,  W. 
Va. 

 do  


Industry. 


Pull)  roill  ■ 


Strawboard  fac- 
tory. 

Gristmill  

Flour  mill  

Pumping  plant 

Tannery  


Pollution. 


Num 
ber  of 
mills 


Wood  and  bark 

chips. 
EfiiuGnt  from 
straw  washing. 

None  

 do  

 do  


Tan  liquor . 


Total 
fall 
util- 
ized . 


Feet. 
24 

(*) 

14 
15 
16 

(*) 


Total 

net 
horse- 
power 

util-  I 

ized 


1,500 


10 
70 
18 
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Table  of  water  powei'8  and  sources  of  pollution  in  the  Shenandoah  Basin — Continued. 


Stream. 


Locality. 


Evitt  Run. 


Do  

Bnllskin  Run  

Long  Marsh  Kiui 
Crystal  Run  

Bo  


Cliarlestowii,  W. 
Va. 


Jefl'ersou  County  . 

Kabletown,  W.Va. 

Jefter  s  o  n     a  n  A 
Clarke  counties. 
Clarke  Count v  


Industry. 


Pollution. 


Gas  plant   Gas  water 

(amoiijit  in- 
significant). 

Flour  and  grist  I  None  

mills. 

Flour  and  saw   do  

mill. 

Flour  and  grist   do  

mills. 
Flour,  grist,  and 

saw  mill. 
Flour  and  grist 


Spring  on  left  bank 
of  Sbeuandoah. 

Parker  Creek  


Stone  Bridge  Run . . 

Wappan  Run  

Crooked  Run  

Hapi)y  Creek   

South  Fork  

Gooneys  Creek  

Do  


8J  miles  upstream 
from  Castle- 
mans  Ferry   

Millwood,  Va  


mill. 
...do 


Sawdust . 

None  

 do  ... 


Flint  Run  . . 
South  Fork. 

Overall  Run 


Milldale,  Va  

Warren  County . . 

 do  

 do  

Riverton,  Va  

Browntown,  Va . . 

"Warren  County . . 

 do  

Kear  Bentonville, 
Va. 

Overall,  Va  


Flour  and  grist   do  

mills. 

 do  do  

 do  do  

 do  do  

 do  do  

Flour  mill  do  

Tannery  |  Tan  liquor  and 

I     lime  water. 

Flour  and  grist  None  

mills.  j 

 do  do  

Gristmill  do  


Do  

Dry  Run  

Jeremiah  Run 

South  Fork  . . 


Hawksbill  Creek 

Pass  Run  

Do  

Dry  Run  

Mill  Creek  


 do  

Page  County  ! 

Riley  ville,  Va  ! 

Near  Kileyville, 
Va. 

Page  County  

Springfield,  Va  . . . 

Page  County  

 do  

 do  


Barrel  -  stave 
factory. 

Sawmill  

 do  

Flour  and  grist 

mill. 
...  .do  


Tan  1  i  <!  u  o  r 
(amount  tri- 
fling). 

Sawdust  

 do  

None  


Num- 
ber of 
mills. 


South  Fork. 
Do  


Near  Massanut- 

ten,  Va. 
Newport,  Page 

Coanty. 


 do 

 do 

 do 

 do 

 do 

Grist  and  saw   do 

mill. 

Flour  and  grist   do 

mill. 

 do  do 


.do 
do 
.do 
.do 


Total 

Total 

net 

fall 

borse- 

util- 

Ijower 

ized. 

util- 

ized. 

Feet. 

36 

45 

14 

8 

(?) 

(?) 

25 

25 

20 

18 

aij 

8 

34 

45' 

35 

35 

37 

15 

OA 

18 

48 

30 

6 

70 

(*) 

55 

50 

13 

10 

5 

10 

(*) 

(?) 

(?) 

14 

10 

13 

12 

4 

8 

00 

68 

15 

15 

(?) 

(?) 

15 

12 

16 

10 

8 

18 

(?) 

(?) 
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Table  of  water  powers  and  sources  of  pollution  in  the  Shenandoah  Basin — Continued. 


Stream. 


South  Fork.. 
Naked  Creek 

Elk  Sun  

South  Fork. . 
Do  


Do... 
Do... 
Do... 
Cub  Run. 
Do... 
Do... 
Do... 


Do  

South  Fork. 


South  River 
Do  


Do. 

Do. 


Locality. 


Grove  Hill  County 

Rocking  h  am 

County. 
Elkton,  Va  


Industry. 


Flour  and  grist 

mill. 
 do  


 do  

Millbank,  Va 


Riverbank,  Va. . 

Tancey,  Va  

Almond,  Va  

Pen  Laird,  Va. . . 
Keezletown,  Va. 

 do  

 do  


Tannery . 


 do  

Lynwood,  Va  . 


Port  Republic,  Va. 
 do  


Grottoes,  Va . . 
Harriston,  Va. 


Manganese  Ore 
Co. 

Flour  and  grist 
mill. 

 do  

 do  

 do  

 do  

Gristmill  

Tannery  

Barrel-stave 

factory. 
Grist  and  saw 

mill. 
Flour  and  grist 
mill. 

 do  

Tannery  


Do  i  Koiner  Store,  Va.. 

Do   Crimora  Station, 

{  Va. 

Do  do 

Do  


Do. 
Do- 

Do. 
Do- 

Do. 


Back  Creek. . 
South  River 

Mill  Creek.. 


Doom  Station,  Va. 


 do  

Below  Basic  Qity, 
Va. 

Waynesboro,  Va . . 
 do  


2  miles  above 
Way  nesboro,  Va. 
Augusta  County. . 
Lyndhurst,  Va  

Goods  Mill,  Va  ... 


Flour  and  grist 
mill. 

Grist  and  shin- 
gle mill. 

Grist  and  saw 
mill. 

Flour  and  grist 
mill. 

Gristmill  

Grist  and  saw 
mill. 

Flour  mill  

Gristmill  


 do  

Hydraulic -ram 

factory. 
Flour  and  grist 

mill. 

Gri.stmiU  

Flour  and  grist 

mill. 
 do  


Pollution. 


Num 
ber  of 
mills 


None  .. 
....do  , 


Tan  liquor  and 

limewater. 
Ore  washings . . . 

None  


 do  

 do  

 do  

 do  

 do  

Insignificant 
 do  


Sawdust . 
None  


 do  

Tan  liquor,  lime- 
water,  and  tan 
bark. 

None  .' . . . 


Sawdust . 

 do  ... 

None  


 do  ... 

Sawdust. 


None  . 
 do 


.do 

-do 

.do 

.do 
.do 

.do 


Total 
fall 
util- 
ized. 


Feet. 
(') 

30 
C) 

(*) 

7 
6 

(?) 
(?) 


26 


(?) 
(*) 
(*) 


27 


lOi 


(?) 


Total 
net 
horse- 
power 
util- 
ized. 


(?) 


12 
12 

23 
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Table  of  icater  powers  and  aourcea  of  pollution  in  the  Shenandoah  Basin — Continued. 


Stream. 


Mill  Creek. 


Locality. 


Industry. 


Middle  River   Mount  Meridian, 

Vii. 

Do   Knightly,  Va  


Grist  and  saw 

mill. 
....  do  


Do   New  Hope.Va... 

I 

Augusta  County. 

 do  

Lewis  Creek   Staunton,  Va  


Long  Meadow 

Creek. 
Christian  Creek  . . 


Do  do  

Do  I  do  

Middle  River  !  Verona,  Va  

Do  '  Longglade,  Va. . . 


Flour  and  saw 

mill. 
Flour  and  grist 

mill. 
Grist  and  saw 

mill. 
Flour  and  grist 

mills. 
Bone  and  plaster 

mill. 
Ice  factory  


Do  

Jennings  Branch  . 


Do. 


Do. 


(?) 

Near  Churchville, 
Va. 

 do  


Flour  mill  

Flour  and  grist 
mill. 

 do  

Gristmill  


Pollution. 


Sawdust. 


.do 


 do  ... 

None  

Sawdust . 

None  

 do  ... 


 do  .. 

Sewage . 
None  . . . 
 do.. 


Churchville,  Va. 


"Whisky  Creek  ;  Near  Churchville, 

Va. 


Do. 
Do. 


Middle  River . 


.do  . 
do 


.  South  of  Church- 
,     ville,  Va. 

Do.....  '  do  

Do  '  do  

Do  ]  Valley  Mills, Va..| 

Do   NearSwoope,  Va. . 


North  River. 


Naked  Creek  . 


"Weyer  Cave  Sta- 
tion, Va. 
lJurketown,  Va  . . . 


Flour  and  grist 
mill. 

 do  

Grist  and  plan- 
ing mill. 

Gristmill  

GriHtandflhingle 
mill. 

Flour  and  grist 
mill. 

Barrel-liead  mill. 

Carriage  factory . 

Flour  and  grist 
mill. 

 do  

Flour  mill  


do 
do 

.do 


....  do  ... 
Sawdust . 

None  

Sawdust . 


None  , 


Sawdust . 

None  

 do  ... 


Do  I  Stonewall,  Va. 


North  River  '  Mount  Crawford 

I     Station,  Va. 

Cooks  Creek  j  Mount  Crawford, 

I  Va. 

Do   Dayton,  Va  


...do  

I  Flour  and  grist 
mill. 

..do  


Do. 


.do 


Grist  and  saw 

mill. 
Flour  and  grist 

mill. 
 do  


do  . 

do  , 

.do 

.do 

do 


Sawdust. 

None  

 do  ... 


Num- 
ber of 
mills. 


Total 
fall 
util- 
ized. 


Total 
net 
horse- 
power 
util- 
ized. 


Feet. 
10 

4i 

11 

8 

(?) 
22 
12 
29 


(*) 


(?) 


12 

12 
9 

12 
12 

14 

7 

16  ^ 
18 


(?) 


18 
19 


(?) 
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Table  of  water  powers  and  sources  of  pollution  in  the  Shenandoah  Basin — Continued. 


Stream. 


Blacks  Run . . 
North  River. 


Do. 
Do. 


Do  

Dry  River  . 


Do. 
Do. 


Mossy  Creek  . . 

Do  

North  Fork-... 
Passage  Creek. 


Do. 
Do. 


Do  

Branch  of  Passage 

Creek. 
Passage  Creek  


Do. 


Do 


Cedar  Creek  and 
tributaries. 

Cedar  Creek  

Spring  

Do  


Tumbling  Run . 
Toms  Brook  . . . 
Do  


Stony  Creek 
Do  


Locality. 


Harrisonburg,  Va. 

Mount  Crawford, 
Va. 

Bridge  water,  Va. . 
....do   


...do  

Near  Bridge- 

water,  Va. 
Montezuma,  Va — 
 do  


Mossy  Creek,  Va . 
Mount  Solon,  Va . 

Riverton,  Va  

Near  mouth  


Industry. 


Tannery . 


Buckton,  Va. 
 do  


Dilbeck,  Va  

Fort  Crossroads, 
Va. 

Near  Fort  Cross- 
roads, Va. 
Edith,  Va  


.do 


Shenandoah 
County. 

Zepp,  Va  

NearStrasburg.Va 
Strasburg,  Va  


Fishers  HiU.Va... 

Toms  Brook,  Va . . 

Shenandoah 
County. 

Edenburg,  Va  

Lautz  Mill,  Va  


Flour  and  grist 
mill. 

 do  

Woolen  mill  

Carriage  shops.. 
Flour  and  grist 

mill. 

Cider  press  

Grist  and  saw 

miU. 
Flour,  grist,  and 

cider  mill. 
Flour  and  grist 

mill. 
Grist  and  saw 

mill. 
Flonr  and  grist 

mill. 

GrLstmill  

Flour  and  saw 

mill. 

 do  

Grist  and  saw 

mill. 
Flour  and  saw 

mill. 
Flour  and  grist 

mill. 
Grist  and  saw 

mill. 
Flour  and  grist 

mills. 

Tannery  

Gristmill  

Tannery  


Flour  and  grist 
mill. 

Barrel-stave  fac- 
tory. 

Flour  and  grist 

mills. 
 do  

Flour,  grist,  and 
saw  mill. 


Pollution. 


Tan  liquor,  lime- 
water,  etc. 
None  


 do  

Dyes,  wool  wash- 
ings, etc. 

Sawdust,  etc  

None  


Apple  pomace. 
Sawdust  


Apple  pomace. 

None  

Sawdust  

None  


....do  ... 
Sawdust. 


.do 

-do 


...do  ... 

None  

Sawdust. 


Tan  liquor  

None  

Tan  liquor 
(amount  tri- 
fling). 

None  


Num 
ber  of 
mills 


Tau  liquor. 
None  


 do  ... 

Sawdust . 


1 

1 

2 
1 

1 
1 

1 
1 

1 

1 

1 

1 

1 
1 

1 
1 

1 

1 

1 

10 

1 
1 
1 

1 

1 

4 

3 
1 


Total 
fall 

util  -  power 
ized.  I  util- 
ized. 


Feet. 


16  120 
10  I  18 

i 

10  32 
10 


(*) 

10 
10 
15 
7 

14 

13 
20 

9 
14 

11 

18 
7 

172 


(*) 


24 


26 


(*) 


72 

38 
13 
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Table  of  water  powers  and  sources  of  pollution  in  the  Shenandoah  Basin — Continued. 


Stream. 


Stony  Creek 
Do  


Locality. 


Laiitz  Mill.  Va. 


Industry. 


Sawdust . 


Columbia  Fur- 
nace, Va. 

Do   Liberty  Furnace, 

Va. 

Hawkinstown.Va. 


Korth  Fork. 


Mill  Creek   Mount  Jackson, 

Va. 

Do  do  

Do  do  

Do   Rinkerton,Va  

Do   Mount  Clifton, Va 


Linville  Creek   Broadway. Va. 

Do  do  


Grist  and  saw 
mill. 

Gristmill  i  None 


Pollution. 


.do 


Do  

Do   Kockingham 

I  County. 

Sraitlis  Creek   Larey  Springs,  Va. 

Do   Tenth  Legion,  Va. 

Do  


Flour,  grist,  and 

saw  mill. 
Flour  and  grist 

mills. 

Sawmill  , 

Woolen  mill  

Floui-,  grist,  and 

saw  mill. 
Flour  and  grist 

mill. 
Machine  shop. . . 
Grist  and  saw 

mill. 
Flour  and  grist 

mill. 
....do  


Sawdust. 
None  


Holmans  Creek  ■  Quicksburg,  Va. . 

North  Fork  '  Newmarket,  Va. . 


Spring. 


North  Fork. 
Do  


Near  Newmarket, 
Va. 

Timberville,  Va. . 

 do  

Dovesvil'.e,  Va  . . . 


 do  

Gristmill  

Flour  and  grist 
mills. 

Sawmill  

Flour  and  grist 

mill. 
 do  


Sawdust. 

None  

Sawdust. 


None 


 do  ... 

Sawdust. 


None  . 

 do 


.do 
.do 

.do 


Sawdust. 
None  


.do 


.do 
.do 
-do 


..do 

..do 
..do  , 


Num 
ber  of 
mills 


Total 
fall 
util- 
ized. 


Feet. 

(?) 


15 


(?) 


8 

40 

12 
12 
16 


12 
9 

16 


(?) 

1 
1 

(•') 

(?) 


14 
12 


7 

16 

12 
7 


(?) 


NORTH  RIVER. 

A  gaging  station  on  North  liiver  is  located  1  mile  above  its  month, 
at  fllasgow,  Virginia,  and  is  described  in  Water  Supply  and  Irri<;ati()n 
Paper  No.  l."5,  p.  23.  The  IHIMJ  rating  table,  published  in  the  JOighteenth 
Annual  Keport,  Tart  IV,  p.  37,  was  found  applicable  to  the  1897 
measurements. 
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Estimated  monthly  discharge  of  North  River  at  Glasgow,  Virginia. 
[Drainage  area,  831  square  .miles.] 


Discharge  in  second-feet. 

Run-oflf. 

Month. 

Total  in  acre- 
feet. 

Second- 

Maxi- 

Miui- 

Mean. 

Depth  in 

ifet  per 

mum. 

mum. 

inches. 

square 

mile. 

1897. 

720 

350 

454 

27,  915 

0.  63 

0.  55 

February   

10,  450 

475 

3, 181 

176,  665 

3.99 

3. 83 

March  

3,  G50 

1,040 

1,  672 

102,  810 

2.  32 

2.01 

April  

1,  370 

507 

889 

52,  900 

1. 19 

1.07 

May  

9, 450 

507 

2,035 

125, 130 

2. 83 

2. 45 

June  

630 

300 

463 

27,  550 

0.  62 

0. 56 

July  

1,  425 

180 

362 

22, 259 

0.51 

0.44 

350 

180 

222 

13,  650 

0.31 

0. 27 

September  

197 

150 

177 

10,  533 

0.  23 

0.21 

October  

250 

150 

197 

12, 113 

0. 28 

0. 24 

November  

442 

180 

245 

14,  579 

0. 32 

0. 29 

December  

1,  425 

300 

521 

32,  036 

0.  72 

0.  63 

The  year  

10, 450 

150 

866 

618, 140 

13.  95 

1.05 

JAN 
10  20 

FEB 
10  20 

MARCH 

10  20 

APRIL  M 
10  20  K 

AY 

)  20 

JUNE 
10  20 

JULY 
10  20 

AUG 
10  20 

SEPT 
10  20 

OCT 
10  20 

NOV 
10  20 

DEC 
10  20 

- 

1 

I 

1 

I 

i 

L 

1 

1 

■w 

m 

Fia.  39.— Discharge  of  North  River  at  Glasgow,  Virginia,  1897. 
JAMES  RIVER. 

The  last  river  draining  into  Chesapeake  Bay  is  the  J ames.  A  gaging 
station  is  located  on  this  river  at  Buchanan,  Virginia,  about  20  miles 
above  the  mouth  of  I^orth  River,  and  described  in  Water-Supply  and 
Irrigation  Paper  No.  15,  p.  24.    The  combined  flow  at  this  station  and 
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that  at  Glasgow,  Virginia,  on  Xorth  River,  is  practically  the  flow  of 
James  IJiver  at  Balcony  Falls,  where  it  passes  through  the  Blue  Ridge. 

The  State  of  Virginia  built  a  canal  along  James  River  from  Rich- 
mond to  Buchanan,  with  a  branch  np  North  River  from  its  mouth,  at 
Balcony  Falls,  to  Lexington.  The  canal  proved  expensive  to  maintain, 
owing  to  the  heavy  fall  in  the  river  and  the  resulting  large  number  of 
dams  and  locks.  The  State  transferred  all  its  rights  in  the  canal  to 
the  Richmond  and  Alleghany  Railroad  Company  on  condition  that  the 
company  should  build  a  railway  from  Richmond  to  Clifton  Forge,  with 
a  branch  from  Balcony  Falls  to  Lexington. 

The  railway  was  built  and  was  subsequently  purchased  by  the  Ches- 
apeake and  Ohio  Railway  Company,  which  now  owns  all  rights  that 
the  old  James  River  and  Kanawha  Canal  Company  possessed  in  the 
dams  and  water  power.  In  the  construction  of  the  canal  a  large 
number  of  good  dams  were  built  which  are  now  available  for  water 
power.  A  small  part  only  of  the  power  thus  made  readily  available 
has  been  taken  up,  and  the  remaining  dams,  now  in  a  state  of  more  or 
less  dilapidation,  attbrd  excellent  sites  for  mills  and  factories. 

There  is  no  place  in  the  State  where  water  power  is  so  readily  avail- 
able and  where  there  are  so  few  complications  from  backwater  flooding 
farming  lands  and  other  troubles  incident  to  dam  building.  The  dams 
arc  leased  by  the  Chesapeake  and  Ohio  Railway  to  users  at  a  nominal 
sum. 

To  collect  information  in  regard  to  the  water  resources  of  James 
River  a  trip  was  made  in  canoes  down  North  River  from  Lexington  to 
the  mouth,  and  then,  after  taking  the  canoes  to  Clifton  Forge  by  rail- 
way, down  James  River  to  the  top  of  the  falls  at  Richmond. 

Tlie  principal  results  of  this  examination  of  the  river  are  shown  on 
the  accompanying  profile  and  in  the  following  pages,  the  statements 
being  condensed  from  a  report  prepared  by  Prof.  D.  C.  Humphreys,  of 
Washington  and  Lee  University,  at  Lexington,  Virginia. 

The  party  consisted  of  D.  C.  Humphreys,  F.  H.  Anschutz,  and  W.  A. 
Shepherd,  each  paddling  his  own  canoe.  The  canoes  were  canvas,  16 
feet  long  and  32  inches  beam,  and  the  average  weight  was  about  80 
pounds.  These  boats  were  decked  over,  and  in  the  center  was  the 
cockpit,  8  feet  long  and  22  inches  wide;  from  the  top  of  the  cockpit 
to  the  bottom  of  the  boat  was  about  14  inches.  The  hatches  which 
covered  the  cockpit  could  be  easily  removed  for  loading  and  unload- 
ing and  to  make  room  at  night  for  sleeping.  At  night  each  boat  was 
lifted  out  on  the  bank,  the  tent  erected  over  the  cockpit,  the  boat  wii)ed 
out  with  a  sponge;  the  large  oiled  (;anvas  bag,  in  which  the  bed  and 
bedding  was  carried,  was  spread  in  the  bottom  to  keep  the  dampness 
from  the  bed;  the  mattress  was  laid  on  top  of  this,  thus  making  a 
comfortable  and  dry  bed.  The  illustration  on  PL  XXII  gives  a  good 
idea  of  the  construction  of  the  boats.  First  a  framework  was  built  and 
then  the  heaviest  duck  canvas  stretched  over  it.  On  the  outside  strips 
were  i)laced  to  iirotect  the  canvas  from  rocks,  which  proved  generally 
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effective.  The  canvas  was  very  tough  and  hard  to  snag,  and  when  a 
bole  was  made  it  was  an  easy  matter  to  patch  it  with  a  piece  of  canvas 
by  using  melted  rosin  and  lard  as  a  cement. 

When  under  way  on  the  river,  as  shown  in  PI.  XXIII,  the  hatches 
were  kept  down  and  only  a  small  hole  left,  in  which  the  single  occupant 
sat.  In  running  rapids  the  canoeman  pulls  the  oiled  apron  up  around 
bim,  and  thus  prevents  the  water  from  the  waves  that  may  dash  over 
the  deck  from  getting  into  the  boat.  While  under  way  a  rubber  co^t, 
the  tails  of  which  are  spread  out  on  the  deck,  aftbrds  comi)lete  pro- 
tection from  rain.  At  night  the  tent  is  an  ample  protection.  All 
belongings  were  carried  in  oiled  canvas  bags,  and  the  large  bag  which 
held  the  mattress  was  folded  up  for  a  seat. 

The  instrumental  equipment  consisted  of  a  large  Haskell  meter 
attached  to  a  light  wooden  rod,  graduated  for  the  purpose  of  making 
soundings,  a  light  level  which  could  be  used  on  the  tripod  of  the 
camera,  together  with  a  folding  level  rod  and  steel  tapes. 

An  attempt  was  made  to  obtain  the  level  of  the  low-water  surface  at 
each  dam  and  at  intermediate  points  not  more  than  5  miles  apart,  to 
photograph  each  structure,  and  to  obtain  full  information  concerning 
the  present  condition  of  the  dams  and  their  use  or  the  possibility  of 
their  future  employment.  Measurements  of  the  i\ow  of  the  main  stream 
and  of  the  principal  tributaries  were  also  made  wherever  practicable. 
To  facilitate  the  work  a  condensed  profile  of  the  Chesapeake  and  Ohio 
Railroad  was  made.  This  gave  the  elevation  of  the  top  of  the  ties  and 
furnished  a  datum  for  levels  run  to  the  low-water  surface.  Great  pre- 
cision was  not  possible  under  the  circumstances,  but  the  results  are 
sufficiently  accurate  for  general  discussion  and  for  the  completion  of 
the  accompanying  profile,  PI.  XXI.  On  this  is  given  the  location  and 
the  height  of  the  dams;  the  dotted  lines  indicate  former  conditions 
and  the  full  lines  the  J)resent  slope.  On  the  portion  relating  to  James 
Eiver  the  names  of  the  dams  are  given,  while  on  Xorth  River  the  dams 
are  numbered.  The  following  description  is  arranged  in  the  order  in 
which  the  localities  were  visited : 

Dam  No.  10,  on  North  River,  was  formerly  called  Reid's  dam,  but  is  now  known  as 
the  Lexington  Light  and  Power  Company's  dam.  The  available  head  is  11.75  feet. 
The  crest  is  15  feet  below  the  railway.  The  dam  was  built  of  dry  rubble  masonry, 
and  the  upper  side  and  top  was  sheeted  with  plank  to  hold  water.  It  was  found  nec- 
essary to  replace  this  sheeting  in  1896.  At  the  time  of  the  erection  of  the  electric 
plant,  in  1892,  the  dam  was  lowered  3  feet  nearly  all  the  way  across  to  jirevent 
the  backing  of  water  into  the  tail  race  of  the  mill  at  Lexington.  The  power  at  this 
dam  is  fully  utilized  and  is  very  satisfactory.  It  has  been  noticed  here  that  the 
river  holds  its  own  remarkably  well  in  extremely  dry  weather. 

Dam  No.  9,  South  River  dam,  is  located  immediately  above  the  mouth  of  South 
River;  its  crest  is  9.55  feet  below  the  railway  and  its  height  is  17.2  feet.  This  was 
a  dry  rubblestone  dam,  sheeted  on  the  upper  side  and  top.  About  two  years  ago  the 
sheeting  rotted  and  caused  the  dam  to  break.  The  break  is  in  the  middle  of  the  dam 
and  is  as  yet  not  very  extensive.  It  could  be  easily  repaired  and  the  power  utilized 
at  the  old  mill  site,  which  is  on  the  left  bank  near  the  railway.  On  July  8, 1897,  the 
discharge  of  the  river,  measured  a  short  distance  above  this  dam,  was  160  second-feet, 
and  in  extreme  low  water  it  does  not  fall  below  about  90  second-feet. 
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Dam  No.  8,  located  13.7  miles  from  the  mouth  of  North  River,  was  built  of  logs 
and  is  broken  all  the  way  across.  The  fall  iu  the  water  at  the  dam  is  now  only  2.4 
feet,  and  the  water  below  the  dam  is  18.1  feet  lower  than  the  railway.  The  original 
height  of  this  dam  must  have  been  at  least  8  feet. 

Dam  No.  7,  Biiena  Vista  Electric  Plant  dam  (PI.  XXIV,  B),  is  13.1  miles  above 
the  mouth  of  North  River,  and  the  crest  of  the  dam  is  11.5  feet  below  the  railway. 
Tlie  available  height  is  12  feet.  This  dam  is  of  dry  rubble  masoury,  sheeted  on  the 
ujiper  side  and  on  top.  It  needs  resheeting  for  it  leaks  badly.  This  dam  is  below 
tlic  mouth  of  South  River,  and  the  discharge  of  the  river  when  measured  was  about 
210  second-feet.  In  extreme  dry  weather  the  discharge  is  probably  slightly  more 
than  half  of  this.  The  photograph  of  the  dam  shows  the  method  of  passing  the 
canoes  down  over  the  dam.    The  available  power  here  iu  dry  weather  is  fully  used. 

Dam  No.  6,  Buena  Vista  Paper  Mill  dam,  is  12.2  miles  from  the  mouth  of  North 
River;  the  crest  is  10.8  feet  below  the  railway  and  the  height  is  15  feet.  This  dam 
is  built  of  drj'  rubblestone  masonry,  sheeted  on  the  upper  side  and  on  top.  It  is 
in  very  good  order  and  the  low  water  power  is  fully  utilized  by  the  paper  mill,  for 
which  it  ouly  furnishes  about  half  the  power  needed,  the  rest  being  derived  from  a 
steam  engine. 

Dam  No.  5  is  9.2  miles  from  the  mouth  of  North  River;  the  crest  of  the  dam  is 
about  14  feet  below  the  railway  and  the  height  is  6.8  feet.  The  fall  in  the  water  at 
the  dam  now  is  3.5  feet.  This  dam  was  built  of  logs,  with  stone  filling,  and  is  now 
washed  out  all  the  way  across  the  river.  The  foundation  and  head  walls  are  iu  good 
order. 

Dam  No.  4  is  7.9  miles  from  the  mouth  of  North  River;  the  crest  is  about  14  feet 
below  the  railway  and  the  height  is  8  feet.  The  dam  was  built  of  dry  rubble 
masonry,  sheeted  on  the  upper  side  and  on  top.  It  is  in  a  good  state  of  preservation, 
except  that  the  sheeting  has  rotted  and  there  is  a  small  break  in  it.  The  river  has 
cut  a  channel  around  the  dam,  between  it  and  the  Chesapeake  and  Ohio  Railway, 
which  is  narrow  and  could  be  tilled  up  without  much  difficulty.  The  Norfolk  and 
Western  Railway  runs  along  the  right  bank  of  the  river  here  and  at  all  other  dams 
below  Buena  Vista  on  North  River,  tlius  giving  a  mill  located  at  any  of  these  places 
the  advantage  of  transportation  over  two  railways. 

Dam  No.  3,  Goose  Neck  dam,  is  6.7  miles  above  the  mouth  of  North  River;  the 
crest  of  the  dam  is  15.8  feet  below  the  Chesapeake  and  Ohio  Railway  and  the  height 
of  the  dam  is  15  feet.  It  is  built  of  dry  rubble  masonry,  slieeted  on  the  upper 
side  and  on  top;  the  sheeting,  however,  is  rotten,  allowing  th<!  entire  river,  except 
in  high  water,  to  run  through  the  dam  between  the  cracks  in  the  dry  masonry  wall. 
It  is  a  question  of  only  a  short  time  when  this  dam  will  break  like  the  others.  There 
is  no  place  on  either  .lames  or  North  rivers  where  ])ower,  now  unused,  could  be  so 
cheaply  developed.  The  low  water  power  that  could  be  developed  here  is  about  300 
horsepower. 

Dam  No.  2,  Devils  Steps  dam  (PI.  XXIV,  A),  is  5.5  miles  from  the  mouth  of 
North  River;  the  crest  of  the  dam  is  about  10  feet  below  the  Chesapeake  and  Ohio 
Railway,  the  height  is  11  feet,  and  the  present  drop  in  the  water  surface  is  2.4  feet. 
This  was  a  stone  dam,  like  most  of  the  others  on  North  River,  and  more  than  half  is 
washed  away.  The  head  wall  on  the  left  bank  is  good,  and  on  the  right  bank  there 
is  a  solid  rock  ledge,  which  served  as  a  head  wall  and  which  gave  the  dam  its  name. 

Dam  No.  1,  Miller's  dam,  is  5.2  miles  from  tlio  mouth  of  North  River;  the  crest  of 
the  dam  is  about  10  feet  below  the  Chesapeake  and  Ohio  Railway  and  its  height  is 
10  feet.  This  dam  was  built  of  logs,  with  stone  filling,  and  is  now  nearly  destroyed, 
except  the  head  walls,  which  are  good.  This  was  tiie  lowest  dam  on  North  River. 
Blue  Ridge  dam,  on  .J.inies  River,  just  l)elow  the  mouth  of  North  River,  ponds  the 
water  in  North  River  for  over  a  mile. 

In  the  "Report  on  the  water  power  of  the  Middle  Atlantic  watershed,"  Tenth  Cen- 
snsof  the  L'nited  States,  Vol.  XVI,  Part  I,  i)p.  .531-551,  vainabh-  information  is  given 
concerning  tlie  .James  River  and  its  tributaries.  From  that  report  the  following 
table  is  reprinted : 
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This  table  shows  only  the  daius  below  Buchanan,  or  on  the  completed  portion  of 
the  canal.  It  was  the  intention  to  extend  the  canal  eventually  to  the  Ohio  River, 
and  for  this  purpose  surveys  were  made  and  two  dams  located  and  built  above 
Buchanan,  which  have  never  been  used.  Beginning  at  Clifton  Forge  and  coming 
down  Jacksons  and  James  rivers,  the  dams,  taken  in  order,  are  described  below : 

Old  Forge  dam  is  210  miles  from  Richmond.  The  crest  of  the  dam  is  13.9  feet 
below  the  Chesapeake  and  Ohio  Railway,  and  the  height,  as  measured,  was  18.6  feet. 
This  dam,  which  was  substantially  built  of  stone  laid  in  cement,  was  probably  never 
entirely  completed.  The  head  walls,  about  half  the  dam,  and  the  foundations,  are 
in  good  order,  and  it  would  not  be  very  expensive  to  restore  the  dam.  The  low 
water  discharge  of  the  river  here  is  about  350  second-feet. 

Cabell's  dam  is  about  106  miles  from  Richmond,  and  was  built  of  wood  on  a  stone 
foundation,  5  feet  high.  It  is  almost  entirely  gone,  except  the  head  walls,  which 
seemed  to  be  in  fairly  good  order,  as  they  were  built  of  stone.  No  levels  were 
obtained  here,  connecting  the  dam  with  the  railway,  and  there  is  no  drop  in  the 
water  surface  at  the  site  of  the  dam. 

Wasp  Rock  dam  has  a  crest  19  feet  below  the  railway,  its  height  being  15  feet.  It 
is  completely  washed  out  excejit  the  head  walls,  which  are  in  good  order  and  well 
built,  and  the  foundation,  part  of  which  remains.  The  river  cut  a  channel  around 
the  dam  on  the  left  bank,  next  to  the  Chesapeake  and  Ohio  Railway,  which  has 
been  filled  up  by  the  railway  company  with  a  strong  embankment  protected  by 
riprap. 

The  crest  of  Indian  Rock  dam  is  about  19  feet  below  the  railway,  and  its  height 
was  16  feet.    Most  of  this  dam  has  been  washed  away. 

Varneys  Falls  dam  has  a  crest  9.1  feet  below  the  railway,  its  height  being  14  feet, 
while  nt  present  the  drop  in  the  water  surface  at  the  dam  is  4  feet.  This  dam  is 
only  partially  gone,  and  there  is  excellent  masonry  on  the  left  bank,  where  the  old 
lock  still  stands.  On  the  right  bank,  which  is  occupied  by  the  Norfolk  and  West- 
ern Railway,  there  is  a  ledge  of  rock.  On  the  left  bank  there  is  an  excellent  loca- 
tion for  a  mill  to  use  the  power. 

At  Quarry  Falls  the  crest  of  the  dam  is  10  feet  below  the  railway,  and  the  height 
is  13  feet.  This  dam  is  mostly  standing,  the  river  running  through  a  small  break 
near  the  center.  A  part  of  the  timber  is  rotten  and  will  have  to  be  replaced  if  the 
dam  is  repaired  for  use.  There  is  a  good  mill  site  on  the  left  bank  at  the  lock  for 
utilizing  the  power.  This  dam  is  about  a  mile  below  Natural  Bridge  station,  where 
the  Norfolk  and  W^estern  Railway  crosses  James  River  and  the  Chesapeake  and  Ohio 
Railway. 

Blue  Ridge  dam  (PI.  XXV,  A),  at  Balcony  Falls  station,  has  a  crest  about  14  feet 
below  the  railway ;  its  height,  which  is  13  feet,  may  be  increased  by  digging  a  tail 
race,  for  there  is  considerable  fall  below  the  dam.  This  is  an  admirable  location  for 
the  development  of  water  jjower.  The  plan  of  the  dam  was  made  in  1891 ;  since  that 
time  the  old  cement  mill  has  been  removed  and  the  wooden  part  of  the  dam  has 
broken  near  the  middle.  The  site  is  immediately  below  the  mouth  of  North  River, 
and  the  low  water  discharge  is  about  700  second-feet.  On  July  8,  1897,  it  was  1,489 
second-feet. 

Near  Rope  Ferry  is  Cushaw  dam.  The  old  crest  of  the  dam  was  15.75  feet  below 
the  railway  and  the  height  was  10  feet.  No  part  of  this  dam  is  standing,  and 
nothing  but  the  foundation  remains. 

The  crest  of  Big  Island  dam  is  14.3  feet  below  the  railway  and  the  height,  as  meas- 
ured, is  11  feet.  This  dam  is  intact  and  the  power  has  been  used  by  a  paper  mill, 
situated  on  the  right  bank  beside  the  railway.  The  mill  has  not  been  operated  for 
several  years. 

Colemans  Falls  dam  has  a  crest  14.9  feet  below  the  railway,  with  a  height  of  14 
feet.  It  is  in  part  broken ;  the  stone  i)ortiou  is  fairly  good,  while  the  wooden  portion 
has  been  mostly  washed  away. 
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The  crest  of  Pedlar  dam  is  15.5  feet  below  the  railway  and  the  height  is  14  feet 
(see  PI.  XXV,  Ji).  This  dam  has  been  restored  and  the  entire  power  of  the  river 
utilized  within  the  last  year  by  a  very  complete  plant  for  the  manufacture  of  cal- 
cium carbide,  erected  by  the  Wilson  Aluminium  Company,  of  Spray,  North  Carolina.' 

Of  Bald  Eagle  dam  there  is  nothin<j  left  standing  and  no  levels  were  obtained. 
The  crest  of  Judith  dam  is  14.5  feet  below  the  railway  and  the  height,  as  measured, 
is  24.3  feet.  This  dam  is  the  highest  on  the  river  and  is  in  excellent  condition.  A 
part  of  the  power  was  used  at  the  nail  mills  at  Reusens,  which  is  about  half  a  mile 
below,  but  these  works  have  not  been  operated  for  a  number  of  years.  At  the  time 
of  visit  no  use  seemed  to  be  made  of  this  power,  but  it  is  reported  that  an  electric 
company  in  Lynchburg  utilizes  power  from  the  canal  that  leads  from  this  dam  for 
street  railway  and  other  purposes. 

The  crest  of  the  Lynchburg  dam  is  8.8  feet  below  the  Chesapeake  and  Ohio  Rail- 
way and  the  height,  as  measured,  was  16  feet.  Since  the  above  table  was  compiled 
this  dam  has  been  improved,  the  contlicting  interests  of  the  city  and  of  the  railway 
have  been  adjusted,  and  the  full  power  of  the  dam  is  now  being  utilized.  The 
Chesapeake  and  Ohio  Railway  Company  agrees  to  maintain  the  dam  perpetually 
and  to  furnish  water  for  a  consideration  to  the  pump:  ig  plant  of  the  Lynchburg 
water  works,  and  also  to  the  various  mills  in  Lynchburg. 

Of  the  Joshua  Falls  dam  nothing  is  standing  except  a  part  of  the  old  wall  on  the 
railway  side.  Tye  River  dam  is  at  Norwood  station.  The  water  below  the  dam 
was  3.3.6  feet  below  the  railway  at  Tye  River  bridge,  the  dam  was  10  feet  high,  and 
the  drop  in  the  water  surface  now  is  1.8  feet. 

The  Middleton  Mills  dam  does  not  seem  to  have  been  one  of  the  canal  dams.  Its 
crest  is  10.2  feet  below  the  railway  and  its  height  is  3.2  feet. 

At  Maidens  Adventure  dam  no  abutments  are  now  standing,  the  dam  is  broken 
about  the  middle,  and  the  masonry  is  very  jnuch  dilapidated. 

The  trip  came  to  an  end  just  above  Bosher's  dam,  which  stands  at  tlie  li(>ad  of  the 
falls  of  the  Jauies  at  Richmond.  Here,  in  a  distance  of  14  miles,  the  river  has  a  fall 
of  124  feet,  and  in  the  last  3  miles  the  fall  is  84  feet.  On  September  8,  1897,  during 
a  very  dry  season,  Mr.  Anschutz  measured  the  discharge  at  Cartersville,  47  miles 
above  Richmond,  and  found  it  to  be  603  second-feet.  This  seems  too  small,  for  the 
combined  discharges  of  James  River  at  Bachanan  and  of  North  River  at  (ilasgow 
were  at  that  time  about  600  second-feet.  Taking  the  Cartersville  measurement  as 
the  minimum  flow,  the  124  feet  of  fall  would  give  about  8,500  gross  horsepower. 
Not  more  than  half  the  total  power  that  could  probably  be  made  available  has  been 
developed. 

Where  the  streams  were  sufficiently  large  the  current  meter  was  used  in  measur- 
ing the  discliarge,  and  when  the  water  was  not  too  deep  the  method  of  wading  was 
used.  A  line  was  stretched  across  the  river,  and  starting  from  the  bank  distances 
were  measured  with  a  tape.  The  rod  to  which  the  meter  was  attached  was  grad- 
uated and  used  for  making  soundings.  The  wading  method  gives  the  observer  accu- 
rate knowh'dge  of  the  bottom.  Where  the  stream  was  too  deep  to  wade,  such  as  the 
James,  at  Glasgow,  a  tagged  galvanized- wire  clothesline  was  used  and  the  meter  was 
let  down  from  one  of  the  canoes,  one  man  in  the  canoe  keeping  it  in  place  by  hold- 
ing the  line.  This  method  worked  well,  but  great  difficulty  was  experience<l  in 
getting  the  line  across  and  stretched  close  to  the  water.  The  pull  on  the  line  was 
BO  great  that  it  was  difficult  to  fasten  tiio  ends  securely.  The  party  was  not 
ecjuipped  with  an  instrument  for  the  indirect  determination  of  distances,  so  that  no 
measurements  were  made  of  the  main  river  below  Balcony  Falls  where  North  River 
empties  into  the  .James.  The  imi)racticability  of  nieasuring  the  main  stream  easily 
and  quickly,  when  too  deep  to  wade,  was  a  weak  point  in  the  equipment.  The 


'  See  article  by  Mr.  Temple,  the  engineer  in  diargo  of  erection,  piihliMlu  il  in  Kii^ineering  ^ewa, 
April  14, 189». 
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measurement  at  Cartersville  was  made  by  letting  the  meter  down  from  the  bridge 
in  the  usual  way.    Following  is  a  list  of  stream  measurements  made  during  the  trip. 


Table  of  stream  measurements,  made  in  1897,  of  James  River  and  its  tributaries. 


Dis- 
tance 
Irom 
Rich- 
mond. 

Dis- 
charge. 

Bank 
(right 
or  left). 

Date. 

"l?  oiYk  Q  fir'  a 

Miles. 

Sec.-ft. 

1897. 

230.6 

Smiths  Creek  

12.3 

L. 

July  14 

At  Clifton  Forge. 

226.5 

Cowpasture  River  

140.7 

L. 

July  15 

226.5 

288.7 

R. 

....do  ... 

>Head  of  James  River. 

226.5 

James  River  

438.0 

do  ... 

J 

216.6 

Mill  Creek  

10.4 

L. 

July  16 

At  Gala  Water. 

213.4 

Craigs  Creek  

79.6 

R. 

....do  ... 

208.5 

Catawba  Creek  

81.0 

R. 

July  19 

Muddy;  some  what  swollen. 

205.4 

2.5 

L. 

....do  ... 

At  Aliens  Mill. 

199.5 

Lipses  Run  

3.0 

R. 

July  20 

Or  Spreading  Spring  Creek. 

198.6 

Davids  Run  

0.5 

R. 

....do  ... 

197.3 

Back  Creek  

19.2 

R. 

July  21 

Or  Looney  Creek. 

189.7 

Jennings  Creek  

20.1 

R. 

July  22 

188.6 

1.2 

L. 

....do  ... 

187.  0 

Sprouts  Run  

2. 1 

R. 

July  23 

181.3 

Cedar  Creek  

2.7 

L. 

....do  ... 

179.7 

2.2 

R. 

....do  ... 

178.7 

1.0 

L. 

....do  ... 

At  Natural  Bridge  station. 

177.7 

12.3 

R. 

July  24 

176.4 

James  River  

1, 188. 0 

July  28 

At  Glasgow. 

174.  7 

Korth  River  

310.0 

L. 

July  27 

At  Glasgow  River  station. 

170.0 

1.1 

L. 

July  30 

169.1 

Snow  Creek  

0.6 

R. 

...  do  ... 

167.5 

Peters  Creek  

2.3 

R. 

July  31 

167.3 

Otter  Creek  

2.9 

L. 

....do  ... 

167.0 

Battery  Creek  

2.8 

R. 

....do  ... 

165.5 

Hunting  Creek  

5.5 

R. 

....do  ... 

At  Big  Island. 

164.4 

13.8 

R. 

....do  ... 

159.4 

Pedlar  River  

35.8 

'  L. 

Aug.  2 

156.0 

Salt  Creek  

0.4 

L. 

Aug.  3 

153.  0 

Wideniouth  Creek  

0.9 

R. 

 do  ... 

151.0 

Judith  Creek  

5.3 

R. 

....do  ... 

148.0 

Harris  Creek  

10.4 

L. 

Aug.  4 

146.0 

Ivy  Creek  

30.0 

R. 

....do  ... 

144.5 

Fishing  Creek  

2.0 

R. 

Aug.  5 

143.5 

Railings  Run  

2.8 

L. 

....do  ... 

141.7 

3.0 

R. 

....do  ... 

140.5 

Beaver  Creek  

13.7 

R. 

Aug.  6 

140.0 

Archer  Creek  

1.4 

R. 

....do  ... 

136.0 

1.0 

R. 

Aug.  7 

134.9 

Sto vails  Creek  

11.4 

L. 

....do  ... 

133.3 

Porridge  Run  

4.4 

L. 

....do  ... 

131.5 

Stonewall  Creek  

3.1 

R. 

....do  ... 

127.4 

0.9 

L. 

Aug.  9 

124.0 

Wreck  Island  Creek.. 

15.2 

R. 

....do  ... 

120.3 

Allen  Creek  

4.1 

L. 

....do  ... 

118.2 

Bent  Creek  

10.2 

R. 

Aug.  10 
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Table  of  stream  measurements,  made  in  1897,  of  James  River  and  its  tributaries — Cont'd. 


Xame  of  stream. 


David  Creek. 


Owens  Creek  . 

Tye  River  

ITigger  Creek. 


Mallorys  Creek. 
Miller  Eun  


Rockflsh  River 


Ballinger  Creek  

Rock  Island  Run  . . . 

looters  Creek  

Georgia  Creek  

Hardware  River  

Slate  River  

Bear  Garden  Creek. 


Rivanna  River. 

Byrd  Creek  

"Willis  River... 

James  River  

Muddy  Creek.. 


Sally  Creek  

Leckingbole  Run. 

Jule  Creek  

Beaverdam  Creek. 

Fine  Creek  

Genito  Creek  

Dover  Creek  

Jones  Creek  


Dis- 
charge. 


Sec.-ft. 
6.6 
1.3 
6.5 

168. 1 
1.7 
0.9 
0.9 
0.6 
0.3 

36.5 
0.5 
0.5 
1.9 
3.3 
0.7 
0.2 

21.4- 

41.5 
8.6 
4.1 

48.0 
2.9 

29.  6 
603.  0 
1.9 
1.2 

58.3 

20.2 
0.4 
2.9 
1.6 
3.7 
3.0 
8.2 


Bank 
(right 
or  left). 

Date. 

"R  ATTl  ftrlf  fl 

1897. 

R. 

Aug.  10 

R. 

....do  ... 

1  mile  below  Greenway. 

L. 

Aug.  11 

L. 

....do  ... 

Swollen  by  rains. 

R. 

Aug.  12 

L. 

....do  ... 

R. 

....do  ... 

R. 

Aug.  13 

Opposite  Manteo. 

R. 

....do  ... 

Opposite  Highland.s. 

L. 

....do  ... 

At  Hardware. 

L. 

Aug.  14 

R. 

....do  ... 

L. 

 do  ... 

R. 

....do  ... 

L. 

Aug.  16 

R. 

....do  ... 

L. 

Aug.  17 

R. 

Aug.  18 

R. 

....do  ... 

L. 

Aug.  19 

L. 

Aug.  20 

h. 

....do  ... 

R. 

Aug.  21 

Sept.  8 

At  Cartcrsville. 

Aug.  23 

Bed  of  a  large  creek. 

L. 

....do  ... 

J  mile  above  Stokes. 

R. 

Aug.  24 

Much  swollen. 

L. 

Aug.  25 

R. 

Aug.  28 

Very  low. 

L. 

Aug.  30 

R. 

....do  ... 

L. 

. . .  -do  . . . 

L. 

....do  ... 

R. 

Aug.  31 

NORTH  RIVER  AND  ITS  TRIBUTARIES. 


Burdens  Run  

North  River  

South  River  

Mountain  Branch 
Buffalo  Creek  


1.0 
159.7 
56.2 

1.2 
49.6 


R. 


L. 
L. 
R. 


July  8 
...do  ... 
...do  ... 
July  9 
July  10 


Above  South  River  Dam. 
At  mouth. 

Slightly  flush. 
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Hating  table  for  James  River  at  Buchanan,  Virginia,  for  1897. 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

1.2 

280 

3.8 

2,170 

6.4 

5,  770 

9.0 

11,  100 

1.4 

340 

4.0 

2,  390 

6.6 

6,130 

9.5 

12,  350 

1.  6 

440 

4. 2 

^  6^0 

6.  8 

6.  490 

10. 0 

13,  700 

1.8 

540 

4.4 

2,  860 

7.0 

6.  850 

10.5 

15,  075 

2.0 

660 

4.6 

3, 100 

7.2 

7, 210  : 

11.0 

16,  600 

2. 2 

780 

4.8 

3,360 

7.4 

7, 600  ! 

11.5 

18,  375 

2.4 

910 

5.0 

3,  640 

7.0 

8, 000 

12.0 

20,  250 

2.6 

1,050 

5.2 

3,920 

)  7.8 

8,  400 

12.5 

22, 250 

2.8 

1,210 

5.4 

4,200 

8.0 

8,  800 

13.0 

24,  700 

3.0 

1, 370 

5.6 

4,  500 

8.2 

9,  230 

13.5 

27.  200 

3.2 

1, 550 

5.8 

4, 800 

8.4 

9,  690 

14.0 

30,  000 

3.4 

1,740 

6.0 

5, 100 

8.6 

10, 150 

3.6 

1,  950 

6.2 

5,  420 

8.8 

10,  610 

Estimated  monthly  discharge  of  James  River  at  Buchanan,  Virginia. 


[Drainage  area,  2,058  square  miles.] 


Discharge  in  second-feet. 

Run-ofif. 

Month. 

Total  in  acre- 

Second- 

Maxi- 

Mini- 

Mean. 

feet. 

Depth  in 

feet  per 

mum. 

mum. 

inches. 

square 

mile. 

1897. 

January  

1, 290 

720 

858 

52,  756 

0.48 

0. 42 

Febrnaiv   

30,  000 

1, 130 

7,414 

411,  750 

3.  75 

3.60 

March  

8,600 

1,740 

3,  390 

208,  445 

1.90 

1.65 

2,  620 

750 

1,629 

96,  933 

0.  88 

0.79 

May  

14,  940 

1,015 

3, 312 

203,  645 

1. 86 

1.61 

1, 460 

720 

948 

56, 410 

0.52 

0. 46 

July  

1,690 

720 

969 

59,  580 

0. 54 

0. 47 

August   

910 

540 

630 

38,  737 

0.  36 

0. 31 

September  

600 

340 

438 

26,  063 

0.  23 

0.21 

October  

515 

300 

403 

24,  779 

0. 23 

0.  20 

November  

540 

300 

377 

22, 434 

0. 20 

0. 18 

December  

1,  330 

490 

972 

59,  766 

0. 54 

0.  47 

The  year  

30,  000 

300 

1,  779 

1, 261,298 

11.  49 

0.86 

1 
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Fig.  40.— Discharge  of  James  River  at  Bncbanaii,  Virsinia,  1897. 
MISCELLANEOUS  STREAM  MEASUREMENTS. 

Miscellaneous  stream  uieasiirenients  were  made  by  Prof.  D.  C. 
Humphreys  in  1897  with  meter  ifo.  77  (see  Bulletin  No.  140,  United 
States  Geological  Survey),  an  English  meter,  which  has  the  advantage 
of  being  light,  and  was  carried  on  a  bicycle.  Measurements  were  made 
by  wading,  the  rivers  being  at  ordinary  low-water  stage.  In  the  case 
of  North  Kiver,  measured  on  September  2,  it  is  probable  that  the  pond- 
ing of  water  at  a  dam  .3  miles  above  made  the  stage  abnormally  low. 

List  of  miscellaneous  discharge  measurements  in  James  River  and  adjacent  basins. 


Date. 


Stream. 


1897. 
August  14  ... 

Do  

August  23... 
August  25... 

Do  

August  26  I 

JJo  


Locality. 


Poaguo  Run   Atnioutli  

Uuflalo  Creek  '  do  

Tinker  Creek  I  Vinton,  Virgini;i 


August  27.... 
August  28  

Do  

August  30  

August  HI  

Septem))er  2. . 

Do  


Back  Creek  

Roanoke  River  

North  Fork  of  Roanoke 

River. 
South  I'  ork  of  lioanoko 

River. 

Little  River  

Big  Red  Islaud  (  reek.. 
Little  Red  Islaud  Creek 

Cripple  Creek  

Reed  Creek   

South  River  

North  River  


At  mouth  

Above  mouth  of  Baek  Creek . 
At  mouth  


.do 


Graysonville,  Virginia  

At  mouth  

 do  

Near  mouth  

Turnpike  crossing  

N(!ar  inoutli  

Near  month  of  South  River. 


Discbarge, 


Second-feet. 
3 
38 
56 
15 
137 
25 

62 

159 
235 
80 
51 
56 
26 
51 


I 
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SOUTH  ATLANTIC  WATERSHED. 
ROANOKE  RIVER. 

Four  gaging^  stations  were  maintained:  one  station  at  Roanoke,  Vir- 
ginia, on  the  Roanoke  River;  two  stations  at  Clarksville,  Virginia,  one 
on  the  Dan  and  tlie  other  on  the  Staunton ;  and  one,  Neal  station,  on 
the  main  Roanoke  River,  These  are  described  in  Water-Supply  and 
Irrigation  Paper  No.  15,  pp.  25-28,  inclusive.  Roanoke  River,  in  Vir- 
ginia, is  simply  the  head-water  tributary  of  Staunton  liiver.  After 
this  latter  stream  makes  a  junction  with  Dan  River  it  is  again  known 
as  Roanoke  River  through  North  Carolina.  At  the  upper  station  at 
Roanoke  a  sufiticient  number  of  discharge  measurements  were  not  made 
in  1807  on  which  to  base  a  rating  curve.  Tables  of  discharge  and 
run-off  are  given,  however,  for  the  three  remaining  stations. 

The  following  statements  regarding  the  use  of  the  water  power  are 
from  a  report  prepared  by  Prof.  J.  A.  Holmes: 

The  first  power  developments  met  on  ascending  the  Roanoke  are 
near  Weldon,  North  Carolina,  where  the  stream  crosses  the  fall  line. 
The  fall  here  is  about  84  feet  in  a  distance  of  9  miles  above  the  town; 
the  river  within  this  distance  is  very  rocky  and  rapid,  the  channel 
very  tortuous,  and  the  bed  of  the  river  interspersed  with  rocks  and 
islands,  most  of  which  are  submerged  at  high  water.  The  bed  of  the 
river  is  almost  solid  rock,  and  the  banks  are  generally  abrupt,  especi- 
ally along  the  upper  part  for  several  miles  below  the  head  of  the  falls, 
where  they  are  from  40  to  50  feet  high,  of  hard  granitic  rock,  often 
extending  almost  perpendicularlj'^  to  the  water's  edge. 

Fifty  years  ago  the  Roanoke  Navigation  Comjiany  extended  naviga- 
tion around  these  falls  by  constructing  a  canal  on  the  south  side  of  the 
river  between  Weldon  and  Rock  Landing,  9  miles  above.  This  canal 
was  30  feet  wide  at  the  top  and  3  feet  deep,  dimensions  sufticiently 
large  for  the  small  boats  then  in  use  on  the  river.  As  a  navigation 
enterj)rise  this  was  never  a  great  financial  success,  and  with  the  build- 
ing of  railroads  to  Petersburg  and  Norfolk  the  upper  river  naviga- 
tion declined  steadily  until  it  finally  ceased  and  the  works  were  allowed 
to  fall  into  disuse.  The  canal  was  kept  open  only  sufticiently  to  furnish 
water  necessary  to  run  one  or  more  small  mills.  The  General  Assem- 
bly of  1874-75  authorized  the  dissolution  of  the  old  Roanoke  Naviga- 
tion Company  and  ordered  the  sale  of  the  property.  It  was  jjurchased 
by  the  Roanoke  Navigation  and  Water  Power  Company,  which  has 
cleaned  out  and  repaired  the  canal  and  has  begun  its  development  as 
a  source  of  i)Ower. 

The  canal  originally  was  substantially  built;  it  crosses  several  small 
creeks  by  means  of  aqueducts,  all  of  which,  as  well  as  the  locks,  were 
built  of  stone  and  are  in  good  condition,  although  the  gates  of  the  locks 
are  gone.  Toward  the  upper  end  of  the  canal  extensive  masonry  walls 
in  places  on  the  river  side,  which  were  rendered  necessary  by  the  abrupt- 
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ness  of  the  banks,  are  still  in  good  condition.  At  tlie  upper  end  of  the 
canal  there  was  a  guard  lock,  and  probably  a  dam,  but  the  gatesof  the  lock 
are  gone  and  the  dam  now  consists  only  of  a  few  stones  piled  up  roughly. 
The  bed  rock  at  this  place  is  said  to  be  very  favorable  for  the  construction 
of  a  dam  across  the  river.  Nearly  4  miles  below  the  head  of  the  canal 
there  was  a  descent  in  four  canal  locks  with  a  total  lift  of  36  feet.  The 
total  fall  at  these  locks  now  practically  available  for  power  is  31  feet. 
The  land  in  the  vicinity  otters  good  building  sites. 

At  the  lower  end  of  the  canal  a  fall  of  48  feet  between  the  level  of  the 
canal  and  the  river  was  overcome,  at  the  time  the  canal  was  used  for 
purposes  of  navigation,  by  a  flight  of  six  locks  with  8  feet  lift  each. 
These  locks  have  since  been  abandoned  and  removed.  At  the  lower  end 
of  the  canal  the  company  has  erected  a  corn  mill,  having  a  daily  capac- 
ity of  2,000  bushels,  with  a  grain  elevator  of  50,000  bushels  capacity 
attached,  and  a  cotton-seed  oil  mill  with  a  capacity  of  3.j  tons  per 
twenty-four  hours.  The  two  mills  use  about  -50  horsepower.  The 
total  available  low-water  fall  lor  i)ower  at  this  point  is  45  feet.  All 
these  mills  discharge  the  water  directly  into  the  river,  and  are  situ- 
ated from  100  to  200  yards  above  the  old  locks.  They  can  run  full 
capacity  all  the  year,  except  occasionally  at  times  of  higli  water.  There 
is  no  trouble  from  ice. 

The  recent  development  which  was  completed  a  few  years  ago  con- 
sists of  the  enlargement  of  the  prism  of  the  original  canal  to  the  follow- 
ing dimensions:  23  feet  at  bottom,  35  feet  wide  at  normal  surface  of 
water,  and  4  feet  deep;  the  construction  of  head  gates  with  the  neces- 
sary masonry,  the  raising  and  repairing  of  waste  ways  and  waste  gates, 
the  construction  of  a  wasteweir  and  gates  at  the  foot  of  the  basin  at 
Weldon,  the  raising  and  repairin  g  of  the  masonry  of  the  Chockeotte  Creek 
aqueduct,  and  the  raising  and  strengthening  of  the  banks  of  the  camil 
throughout  its  length.  The  canal,  with  the  foregoing  dimensions,  with 
smooth  surfaces,  and  with  a  bottom  grade  of  1  foot  a  mile,  has  a  capac- 
ity for  carrying  259  cubic  feet  of  water  per  second.  It  is  constructed 
in  two  reaches  or  levels,  the  first  or  upper  one  extending  from  the  head 
of  the  canal  to  the  combined  locks,  a  distance  of  about  3.^  miles,  secur- 
ing a  fall  of  31  feet  at  said  locks.  The  second  level  extends  a  distance 
of  about  5J  miles  from  the  locks  to  the  terminus  of  the  canal  at  Weldon, 
where  a  fall  of  45  feet  can  be  secured  when  the  water  in  the  river  is  at 
low-water  stage. 

The  development  work  of  the  lioanoke  Rapids  Water  Power  Com- 
pany also  lies  on  the  south  side  of  Roanoke  River  between  Weldon  and 
Gaston,  beginning  J  A  to  2  miles  below  the  upper  end  of  the  Roanoke 
Navigation  and  Water  Power  Comi)any's  canal,  on  the  same  side  of  the 
river,  and  terminating  nearly  2  miles  below  in  the  great  bend  of  the 
river,  where  the  factories  are  located.  The  upper  1  mile  of  the  canal  is 
formed  by  the  right  bank  and  a  chain  of  islands,  which  are  connected 
by  dams  made  of  wood  and  stone.    The  longer  of  these  connecting  dams 
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has  a  length  of  1,4G5  feet  and  a  height  of  from  4  to  7  feet,  and  the  dam 
connecting"  the  lower  end  of  the  lowest  island  with  the  outer  end  of  the 
bulkhead  is  685  feet  long  and  about  11  feet  high,  built  of  log  frame  with 
rock  filling  and  planked  above  (PI.  XXYI,  B).  Along  the  top  of  these 
islands  dikes  are  thrown  up  to  prevent  the  escape  of  water  into  the  river. 

The  bulkhead  (PI.  XXVI,  A)  is  of  stone  masonry,  150  feet  long,  24  feet 
high  at  its  outer  or  northern  end,  and  15  feet  thick,  and  is  penetrated  by 
13  gates  for  the  admission  of  water  into  the  canal.  This  canal  is  three- 
fourths  of  a  mile  long  from  the  bulkhead  to  its  lower  end,  90  feet  wide 
at  the  top,  GO  feet  wide  at  the  bottom,  and  10  feet  deep;  and  when  the 
canal  contains  its  normal  supply  of  water,  the  cross  section  below  the 
water  surface  is  750  square  feet.  The  fall  at  the  lower  end  of  the  canal 
during  ordinary  stages  of  the  water  is  said  to  be  27  feet.  In  dry  sea- 
sons the  fall  is  30  feet  and  the  capacity  of  the  canal  is  stated  as  0,100 
horsepower.  Only  a  small  part  of  this  power  is  being  used  at  the 
present  time,  but  two  substantial  factories  have  been  constructed  and 
are  now  in  operation. 

The  knitting  mill  of  the  United  Industrial  Company,  located  imme- 
diately against  the  side  of  the  canal  at  its  lower  end,  contains  2,310 
spindles,  5  sets  of  cards,  30  knitting  machines,  and  75  sewing  machines. 
Its  power  is  developed  by  two  Leffel  40-inch  turbines  on  a  horizontal 
shaft,  supplied  with  water  through  an  iron  penstock  direct  from  the 
canal,  and,  it  is  claimed,  capable  of  developing  800  horsepower  with 
the  dry-season  head  of  30  feet.  Of  this,  however,  only  about  150 
horsepower  is  now  being  utilized. 

The  cotton  mill  of  the  Eoanoke  Mill  Company,  located  100  yards  east 
of  the  above,  and  at  a  slightly  greater  distance  from  the  canal,  has  a 
capacity  of  18,000  spindles  and  550  looms.  It  has  now  in  operation 
only  12,006  spindles  and  320  looms,  and  is  using  about  400  horsepower, 
although  its  two  McCormick  36  inch  turbines  on  a  horizontal  shaft,  with 
a  normal  head  of  28  feet,  are  said  to  develop  640  horsepower.  The  water 
is  supplied  to  these  wheels  through  an  iron  penstock  9  feet  in  diameter 
and  480  feet  long.  A  smaller  single  turbine,  said  to  be  capable  of 
developing  125  horsepower,  supplies  power  for  electric  lighting,  fire 
pump,  etc.  As  will  be  seen  from  the  above  statement,  there  is  at  this 
point  ample  power  for  additional  manufacturing  establishments,  and 
until  it  is  fully  utilized  there  need  be  no  fear  of  scarcity  of  water  during 
dry  seasons,  and  there  will  be  but  little  trouble  with  high  water  except 
during  the  larger  freshets. 

Dan  and  Staunton  rivers  are  the  principal  tributaries  of  the  Eoanoke, 
draining  together  an  area  of  7,344  square  miles. 

Dan  Itiver  at  the  Eiverside  Mills,  Danville,  Virginia,  is  about  925 
feet  wide.  There  are  two  dams,  the  upper  one  of  which  is  of  stone, 
about  14  feet  high.  From  this  dam  two  races,  one  on  each  side  of  the 
river,  one  about  100  yards  and  the  other  about  three-eighths  of  a  mile  in 
length,  carry  the  water  to  the  mills.  A  short  distance  below  this  upper 
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WORKS  OF  ROANOKE  RAPIDS  WATER  POWER  COMPANY,  ON  ROANOKE  RIVER  NEAR  WELDON, 

NORTH  CAROLINA. 

A.  Bulkhead  ;  B,  Wing  dam. 
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dam  is  a  second  dam,  12  feet  liigli,  running  in  a  triangular  form  across 
the  river.  From  the  pond  formed  by  this  lower  dam  a  race  course 
about  100  yards  long  leads  to  mill  No.  G,  and  furnishes  700  to  SCO 
horsepower. 

The  upper  dam  and  pond  furnish  about  2,000  horsepower  when  the 
river  is  at  its  normal  stage  of  How,  but  considerably  less  during  the 
dry  season.  The  cotton  mills  operated  by  tliis  power  are  seven  in 
number,  five  on  the  north  side  and  two  on  the  south  side  of  the  river, 
and  in  a(hlition  to  these  there  is  a  flouring  mill,  box  factory,  ice  fac- 
tory, gristmill,  foundry  and  machine  shop,  and  the  city  electric-light 
plant,  all  operated  by  water  power  afforded  by  the  river  when  at 
normal  stage  of  flow.  When  the  water  is  low  the  power  is  supple- 
mented by  auxiliary  steam  plants.  The  several  mills  contain  an 
aggregate  of  07,700  spindles  and  2,771  looms. 

On  Smiths  River,  a  tributary  of  the  Dan,  li  miles  above  its  mouth, 
in  the  town  of  Spray,  the  Leaksville  Cotton  Mil'l,  the  Leaksvillc  Woolen 
Mill,  the  mill  of  the  Spray  Mercantile  Company,  and  the  Spray  Cotton 
Mill  are  located. 

The  Leaksville  Cotton  Mill,  which  contains  400  looms,  makes  colored 
cloths  exclusively,  using  about  135  horsepower  developed  by  a  turbine 
wheel  32i  inches  in  diameter,  working  under  a  head  of  2;{  feet  and 
capable  of  developing  180  horsepower.  The  mill  of  the  Spray  Mercan- 
tile Company  is  a  roller  flour  mill  of  50  barrels  capacity  per  day,  and  a 
corn  mill  of  two-ran  of  stone.  The  jjower  is  furnished  by  a  turbine 
wheel  25  inches  in  diameter,  working  under  a  head  of  19  feet,  and  an 
overshot  wheel  working  under  a  head  of  14  feet,  together  developing 
about  50  horsepower.  The  Spray  Cotton  Mill,  containing  12,004  spin- 
dles, is  driven  by  water  power  alone;  it  derives  about  -jOO  horsepower 
from  twin  Leffel  turbines  30  inches  in  diameter,  on  a  horizontal  shaft, 
working  under  a  head  of  30  feet.  The  Leaksville  Woolen  Mill  is  a 
two-set  mill  using  about  50  horsepower  obtained  from  a  25-inch  Perfec- 
tion turbine  working  under  a  head  of  19  feet. 

These  mills  all  draw  their  water  from  the  same  race,  which  is  10  feet 
wide  at  the  top,  4.^  feet  deep,  4,200  feet  long,  with  a  bottom  grade  of 
39  inches  in  this  distan(!e,  and  estimated  to  be  large  enough  to  carry 
a  quantity  of  water  giving  GOO  horsepower,  with  a  head  of  30  feet.  The 
dam  is  7  feet  high,  of  triangular  wooden  frames  bolted  to  the  bed  of 
the  river  and  planked  over.  The  bulkhead  is  of  solid  rubble  masonry 
laid  in  cement,  and  is  12  feet  wide  and  13  feet  high.  This  dam,  whi(;h 
extends  across  and  obliquely  up  the  stream,  backs  the  water  about 
one-fourth  of  a  mile  to  the  foot  of  another  shoal  owned  by  the  same 
company.  Plans  are  now  being  developed  to  build  a  dam  on  this 
upper  shoal,  wheie  it  is  claimed  a  fall  of  12  feet  and  250  horsepower 
can  be  obtained.  This  power  is  to  be  transmitted  electrically  to  Spray 
to  be  used  to  run  the  Leaksville  cotton  and  woolen  mills,  and  the  corn 
and  flour  mill,  while  the  entire  jiower  developed  by  the  canal  below, 
19  GEOL,  PT  4  12 
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with  a  fall  of  30  feet  at  its  lower  end,  will  be  used  to  operate  the  Spray 
mill.  A  new  mill,  coutaiuing  400  looms,  has  recently  been  built  at  this 
place. 

Ou  the  Mayo  River,  li  miles  above  its  junction  with  the  Dan,  are 
the  Mayo  mills,  2  miles  from  the  town  of  Madison.  The  mill  contains 
23,000  mule  spindles  and  51  revolving  top  cards.  It  manufactures 
hosiery  and  underwear  yarns,  using  about  400  horsepower,  obtained 
from  water  alone  during  the  entire  year,  and  there  is  said  to  be  a  large 
amount  of  surplus  water.  The  jiower  is  developed  by  two  McOormick 
turbines  of  30  inches  diameter,  on  a  horizontal  shaft,  developing' 846 
horsepower  under  a  head  of  36  feet.  There  is  also  a  turbine  of  20 
inches  diameter,  developing  100  horsepower  under  the  same  head  as 
the  main  wheels,  used  for  the  lighting  plant,  lire  pump,  etc. 

The  dam,  which  is  some  distance  below  the  head  of  the  shoal,  is  of 
wood,  12  feet  high  and  400  feet  long,  and  backs  the  water  about  1  mile. 
The  bulkhead  is  of"  brownstone  laid  in  cement,  and  is  150  feet  long  and 
6  feet  thick  at  the  gates.  The  canal  is  three-fourths  of  a  mile  long,  and 
gives  a  fall  of  36  feet  at  the  mill.  There  is  never  any  trouble  from 
high  water. 

A  short  distance  above  this  shoal  there  is  another  of  about  the  same 
fall,  which  will  soon  be  developed.  The  length  of  the  two  shoals  is 
2|  miles,  and  the  total  natural  fall  in  this  distance  is  63.41  feet. 


Hating  table  for  Dan  River  at  Clarksville,  Virginia,  for  1897. 


Gace 
beigiit. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

—1.5 

400 

0.4 

890 

3.8 

6,704 

7.5 

15, 066 

—1.4 

420 

0.6 

990 

4.0 

7, 156 

8.0 

16, 196 

—1.3 

440 

0.8 

1, 100 

4.2 

7,608 

8.5 

17,  326 

—1.2 

460 

1.0 

1,240 

4.4 

8,  060 

9.0 

18,  456 

—1.1 

480 

1.2 

1,  400 

4.6 

8, 512 

9.5 

19, 586 

—1.0 

500 

1.4 

1,620 

4.8 

8,  964 

10.0 

20,  716 

—0.9 

520 

1.6 

1,900 

5.0 

9,416 

10.5 

21, 846 

—0.8 

540 

1.8 

2, 250 

5.2 

9,  868 

11.0 

22,  976 

—0.7 

560 

2.0 

2,636 

5.4 

10,  320 

11.5 

24, 106 

—0.6 

580 

2.2 

3,  088 

5.6 

10,  772 

12.0 

25, 236 

—0.5 

600 

2.4 

3, 540 

5.8 

11, 224 

12.5 

26,  366 

—0.4 

620 

2.6 

3,  992 

6.0 

11,  676 

13.0 

27,  496 

—0.3 

645 

2.8 

4, 444 

6.2 

12, 128 

13.5 

28,  626 

—0.2 

670 

3.0 

4, 896 

6.4 

12, 580 

14.0 

29,  756 

—0.1 

700 

3.2 

5,348 

6.6 

13,  032 

0.0 

730 

3.4 

5, 800 

6.8 

13, 484 

0.2 

810 

3.6 

6,252 

7.0 

13, 936 

NEWELL.] 


DAN  RIVER. 


179 


Estimated  monthly  discharge  of  Dan  River  at  ClarksviUe,  Virginia. 
[Drainage  area,  3,708  square  miles.] 


Month. 


Discharge  in  second -feet. 


Maxi- 
mum. 


1897. 

January   7,  269 

February  |  27,044 

March   10,998 

April   7,382 

May  I  10,094 

June  '  2,  075 

July   3,  201 


August  ... 
Septembei 
October . . . 
Xoveinber . 
December . 


The  year 


1,320 
890 
4,896 
10,  320 
7,382 


27,  044 


Mini- 
mum. 


1,  135 

2,  340 
2,749 
1,820 
1,  900 
1, 100 
1,045 

830 
730 
400 
750 
990 


400 


Mean. 


2,  565 
9, 212 
6, 030 

3,  481 
5, 014 
1,  326 
1,  404 

984 
755 
1,  609 

1,  703 

2,  231 


3,  026 


Total  in  acre- 
feet. 


157,  715 
511,  610 
370,  770 
207, 135 
308, 298 
78,  902 
86,  330 
60, 504 
44,  926 
98, 933 
101,  335 
137, 180 


2, 163,  638 


Kun-ott". 


Deptli  iu 
inches. 


0.  78 
2.53 
1.83 
1.02 
1. 52 
0.  39 
0.43 
0.  30 
0. 22 
0.48 
0. 50 
0.  68 


10.  68 


Second- 
feet  per 
square 
mile. 


0.  68 
2. 43 
1.59 
0.  92 
1.32 
0. 35 
0.  37 
0.  26 
0.  20 
0.42 
0. 45 
0, 59 


0.  80 


Fio.  41.— Discharge  of  Dan  River  at  ClarksviUe,  Virginia,  1897. 
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Rating  table  for  Staunton  River  at  Clarksville,  Virginia,  for  1897. 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet^ 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

—Q.l 

540 

1.8 

3,  496 

5.0 

11,  560 

8.2 

19,  624 

—0.6 

560 

2.0 

4,  000 

5.2 

12,  064 

8.4 

20, 128 

—0.5 

580 

2.2 

4, 504 

5.4 

12,  568 

8.6 

20,  632 

—0.4 

600 

2.4 

5,  008 

5.6 

13,  072 

8.8 

21, 136 

—0.3 

625 

2.6 

5,  512 

5.8 

13,  576 

9.0 

21,  640 

—0.2 

650 

2.8 

6,  016 

6.  0 

14,  080 

9.  5 

22,  900 

—0. 1 

675 

3.0 

6, 520 

6.2 

14, 584 

10.0 

24, 160 

0.0 

700 

3.2 

7,024 

6.4 

15,  088 

10.5 

25, 420 

0.2 

800 

3.4 

7,528 

6.6 

15,  592 

11.0 

26,  680 

0.4 

1,  000 

3.6 

8,  032 

6.8 

16,  096 

11.5 

27,  910 

0.6 

1,  220 

3.8 

8,  536 

7.0 

16,  600 

12.0 

29,  200 

0.8 

1,  470 

4.0 

9,  040 

7.2 

17, 104 

12.5 

30, 460 

1.0 

1,700 

4.2 

9,  544 

7.4 

17,  608 

13.0 

31,  720 

1.2 

2, 100 

4.4 

10,  048 

7.6 

18,  112 

13.5 

32,  980 

1.4 

2,  530 

4.6 

10,  .552 

7.8 

18,  616 

14.0 

34,  240 

1.6 

2,  992 

4.8 

11,056  ■ 

8.0 

19, 120 

14.5 

35,  500 

Estimated  monthly  discharge  of  Staunton  River  at  Clarksville,  Virginia. 
[Drainage  area,  3,546  square  miles.] 


Discharge  in  second-leet. 

Run  off. 

Month. 

Total  in  acre- 
feet. 

Second- 

Maxi- 

Mini- 

Mean. 

Depth  in 

li-et  per 

mum. 

mum. 

inches. 

square 

mile. 

1897. 

January  

11,  680 

1,540 

5,  773 

354,  970 

1.88 

1.63 

February   

29,  326 

4,  504 

10,  593 

588,  306 

3.11 

2.99 

March  

11,  938 

3,118 

6,  459 

397, 150 

2. 10 

1.82 

A^iril  

7,  906 

1,  685 

3, 584 

213,  265 

1.13 

1. 01 

May  

10,  804 

1,  760 

5,  367 

330,  004 

1.  74 

1.51 

Juue  

a  8, 410 

a  1,220 

a  2,  301 

136,  920 

0. 72 

0.  65 

July  

3, 118 

900 

1,  378 

84, 730 

0.  45 

0.  39 

August  

1, 470 

720 

983 

60,  442 

0.32 

0. 28 

September  

900 

625 

705 

41,951 

0. 22 

0.  20 

October  

5,  008 

550 

1,  540 

94,  691 

0.49 

0. 43 

10,  804 

600 

1,  640 

97, 587 

0. 52 

0.46 

December  

10,  300 

950 

2,  401 

147,  631 

0.  78 

0.  68 

The  year  

29,  326 

550 

3, 560 

2,  547,  647 

13.  46 

1.00 

a  Approximate. 
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Sec.-ft. 

24,000 


Fig.  41;. — Uiscliargo  of  Staunton  Kivor  at  C'larksville,  Virginia,  1897. 
Eating  table  for  Roanoke  liircr  at  Neal,  North  Carolina,  for  1897. 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
heignt. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Seco7id-feet. 

0.0 

2, 000 

4.2 

3,300 

8.4 

6,  060 

16.5 

15, 950 

0.2 

2,020 

4.4 

3, 400 

8.0 

fi,  240 

17.0 

16,750 

0.4 

2,040 

4.6 

3, 500 

8.8 

6,420 

17.5 

17,  565 

0.6 

2,060 

4.8 

3,  600 

9.0 

6,  600 

18.0 

18, 400 

0.8 

2, 100 

5.0 

3,  700 

9.2 

6,780 

18.5 

19,  310 

1.0 

2, 140 

5.2 

3,  805 

9.4 

6,  960 

19.0 

20,  300 

1.2 

2,190 

5.4 

3,  915 

9.6 

7, 140 

19.5 

21, 380 

1.4 

2,240 

5.6 

4, 025 

9.8 

7,320 

20.0 

22, 500 

1.6 

2,290  ; 

5.8 

4, 135 

10.0 

7,500 

20.5 

23,  720 

1.8 

2,340 

6.0 

4,  245 

10.5 

8,  000 

21.0 

25, 000 

2.0 

2,400 

6.2 

4,355 

11.0 

8,500 

21.5 

26,  320 

2.2 

2,  475 

6.4 

4, 465 

11.5 

9,040 

22.0 

27,  700 

2.4 

2,  540 

6.6 

4, 585 

12.0 

9,  600 

22.5 

29, 190 

2.6 

2,  610 

6.8 

4,705 

12.5 

10, 190 

23.  0 

30,  800 

2.8 

2,680 

7.0 

4, 850 

13.0 

10, 800 

23.5 

32,  570 

3.0 

2,  750 

7.2 

5, 010 

13.5 

11,460 

24.0 

34,  .550 

3.2 

2,830 

7.4 

5,180 

14.0 

12, 150 

25.0 

39,  200 

3.4 

2,915 

7.6 

5,  350 

14.5 

12, 860 

26.0 

44,  800 

3.6 

3,  005 

7.8 

5, 520 

15.0 

13,  600 

27.0 

52,  500 

3.8 

3,100 

8.0 

5.  700 

15.5 

14,  370 

28.0 

64,  300 

4.0 

3,200 

8.2 

.5,880 

1 

16.0 

15, 150 

I 
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Estimated  monthly  discharge  of  Iloanoke  River  at  Xeal,  Xorth  Carolina. 
[Drainage  area,  8,717  square  miles.] 


Mouth. 


1897. 

January  

February  .. 

March  

April  

May  

June  

July  

August  

September  . 

October  

November . . 
December  . . 


The  year 


Discharge  in  second-feet. 

Pvun-ofll'. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Total  in  acre- 
feet. 

Depth  in 
inches. 

Second- 
feet  per 
sifuare 
mile. 

12,  010 

2,  790 

4, 501 

276,  755 

0.  60 

0.  52 

64,  300 

2,  915 

28, 178 

1, 564,  930 

3. 36 

3.  23 

37,  700 

7,320 

22, 824 

1,  403,  390 

3.02 

2.62 

22, 270 

4, 525 

8, 440 

502,  215 

1.08 

0. 97 

21, 160 

4,410 

8,707 

535,  350 

1.15 

1.  00 

9,  040 

3,  005 

4,  252 

253,  010 

0. 55 

0.49 

7,410 

2,790 

3,956 

243,  245 

0.52 

0. 45 

3,650 

2,  240 

2,673 

164,  360 

0. 36 

0.31 

3, 150 

2,  000 

2,217 

131,  920 

0. 28 

0.25 

4, 465 

2,010 

2,  561 

157,  470 

0.  33 

0. 29 

8,  710 

2,  340 

3,  095 

184, 165 

0.  40 

0.  36 

10, 190 

3,250 

5,  520 

339,410 

0.  72 

0.  63 

64,  300 

2,000 

8,  077 

5,  756,  220 

12. 37 

0. 93 

MAY 
10  20 


JUNE 
10  20 


J  ULV 
10  20 


AUG 
10  20 


SEPT. 
10  20 


OCT 
10  20 


NOV 
10  20 


DEC 
10  20 


1 


I 


Fig.  43. — Discharge  of  Koanoke  River  at  Neal,  North  Carolina,  1897. 
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TAR  RIVER. 

The  only  important  power  developed  on  this  river  is  at  the  fall  line 
and  at  the  town  of  Kocky  Mount,  Js^orth  Carolina.  The  dam  extends 
entirely  across  the  stream  in  a  slightly  broken  line,  with  an  excellent 
rock  foundation.  It  is  built  of  granite,  GOO  feet  long,  and  averages  11 
feet  high.  The  bed  of  the  river  is  of  solid  rock  and  the  banks  moder- 
ately high,  affording  a  safe  development.  The  race  is  191  feet  long, 
and  the  head  on  the  wheels  is  24  feet.  The  mills  are  three  in  number, 
contain  25,000  spindles,  and  use,  it  is  said,  abont  1,000  horsepower, 
developed  during  nine  months  of  the  year  by  water  alone,  while  during 
the  dry  season,  not  exceeding  three  months,  a  deficiency  in  water  is  sup- 
plied by  the  auxiliary  steam  plant.  It  is  said  that  this  power  is  capable 
of  still  further  development  by  raising  the  dam  and  deei)ening  the 
tail-race.  There  is  very  little  trouble  with  freshets  and  none  at  all 
with  ice. 

Measurements  were  made  in  1897  on  Tar  Eiver  at  the  gaging  station 
located  at  Tarboro,  Is'orth  Carolina,  described  in  Water-Supply  and 
Irrigation  Paper  Xo.  15,  p.  29. 


Rating  table  for  Tar  River  at  Tai'horo,  North  Carolina,  for  1897. 


Gage 
height. 

Bischarge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet.  ^ 

Feet. 

Second-feet. 

Feet. 

Second  feet. 

—1.0 

170 

0.8 

470 

9.0 

4,  950 

—0.9 

177 

1.0 

540 

10.0 

5,650 

— O.S 

185 

1.5 

730 

11.0 

6,  370 

—0.7 

192 

2.0 

950 

12.0 

7, 180 

—0.6 

200 

2.5 

1, 180 

13.0 

8,  050 

—0.5 

210 

3.0 

1,430 

14.0 

8,  950 

—0.4 

220 

3.5 

1, 680 

1.5.0 

9,  900 

—0.3 

.230 

4.0 

1,935 

16.0 

10,  900 

—0.2 

240 

4.5 

2, 197 

17.0 

11,  900 

—0.1 

255 

5.0 

2, 460 

18.0 

12,  900 

0.0 

270 

5.  5 

2,  735 

19.0 

13,  900 

0.2 

310 

6.0 

3, 015 

20.0 

14,  900 

0.4 

360 

7.0 

3,600 

0.6 

410 

8.0 

4,250 
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Esiimaied  monthly  discharge  of  Tar  River  at  Tarboro,  North  Carolina. 
[Drainage  area,  2,290  square  miles.] 


Month. 


1897. 

January   

February   

March  

April  

May   

Juue  

July  

August  

September  

October  

November  

December  

The  year 


Discharge  in  second-feet. 

Runoff. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Total  in  acre- 
feet. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

4,  4bU 

1,  loo 

1,  ol4 

Ill,  539 

A  01 

u.  yi 

U.  79 

8,  725 

1,480 

4, 888 

271,  466 

2. 22 

2.13 

14,  600 

2, 197 

6,789 

417,  440 

3.41 

2.96 

9, 800 

1,  280 

3,  636 

216,  357 

1.77 

1. 59 

3,915 

690 

1,  580 

97, 150 

0.  79 

0.  69 

1,  280 

360 

689 

40, 999 

0.  33 

0. 30 

3,  725 

310 

1, 198 

73,  665 

0.  60 

0. 52 

860 

247 

399 

24, 533 

0. 20 

0. 17 

2,  460 

196 

490 

29, 155 

0. 23 

0.  21 

770 

170 

295 

18, 139 

0. 15 

0.13 

2,  250 

347 

674 

40, 105 

0. 32 

0.  29 

3,  072 

770 

1,  430 

87,  928 

0. 71 

0. 62 

14,  600 

170 

1,  990 

1,  428,  476 

11.64 

0.  87 

MAY 

ID  20 


JUNE  J  U  LY 
10  20      10  20 


AUG 
10  20 


SEPT 
10  20 


OCT.  NOV  DEC. 
10  20       10  20      10  20 


Fio.  44.— Discharge  of  Tar  Kivor  at  Tarboro,  North  Carolina  1897, 
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NEUSE  RIVER. 

The  first  power  site  of  importance  on  this  river,  only  partially 
developed,  is  at  ]\Iilburuie  or  Neuse  mills,  about  25  miles  above  Smith- 
field  and  0  or  7  miles  northeast  from  Ealeigh.  There  is  au  open  frame 
dam  across  the  river,  8  feet  high  and  250  feet  long,  developing  about 
300  horsepower  at  mean  low  water.  The  bed  here  is  of  solid  rock, 
very  favorable  for  a  dam,  and  the  race  had  to  be  blavSted  out.  The 
banks  are  abrupt  on  the  right  but  are  more  sloping  on  the  left:  the  loca- 
tion is  said  to  be  safe,  and  it  is  expected  that  this  site  will  be  utilized 
in  a  short  time.  The  next  power  development  on  the  river  is  the  paper 
mill  of  the  Raleigh  Paper  Company.  This  mill  is  located  3  miles  above 
the  crossing  of  the  Seaboard  Air  Line,  13  miles  north  of  llaleigh.  The 
open  frame  dam,  which  extends  entirely  across  the  river,  is  of  wood, 
410  feet  long  and  0  feet  high,  backing  the  water  about  10  miles,  the 
depth  averaging  perhaps  8  feet.  A  race  about  1,000  feet  long  leads  to 
the  mill,  where  the  fall  is  18  feet.  The  power  used  is  said  to  be  300 
horsepower,  but  it  is  evident  that  this  power  can  only  be  obtained 
during  eight  or  nine  months  of  the  year. 

Measurements  were  made  on  the  Neuse  in  1897.  A  gaging  station 
is  located  on  this  river  at  Selma,  North  Carolina,  described  in  Water- 
Supply  and  Irrigation  Paper  No.  15,  p.  30. 
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Estimated  monthly  discharge  of  Ncuse  River  at  Selma,  Xorth  Carolina. 
[Drainage  area,  1,175  square  miles.] 
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Fig.  45.— Discbarge  of  Keuse  River  at  Selma,  North  Carolina,  1897. 
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CAPE  FEAR  RIVER. 

At  what  may  be  desi«;uiited  as  the  fall  line  of  Cape  FearT?iver,  .30.5 
mik'S  above  Fayetteville.  there  is  a  fall  of  27  feet  in  a  distan(;e  of  3.o 
miles,  known  as  Sniileys  Falls.  Tlie  bed  is  rock,  and  the  faitilities  for 
dams  and  races,  as  well  as  for  building,  are  said  to  be  good.  Stone- 
filled  wooden  dams  were  built  here  many  years  ago  to  make  the  river 
navigable,  and  the  falls  are  now  being  surveyed  with  a  view  of  devel- 
oping the  water  i)ower,  which  is  claimed  to  be  one  of  the  finest  in  this 
section  of  the  State.  The  site  otters  many  advantages  for  manufactur- 
ing enterprises.  Fuel  in  the  shape  of  timber  and  coal  is  abundant  in 
the  immediate  neighborhood,  and  there  is  also  fine  wood  and  stone  for 
building  materials. 

About  11  miles  above  Smileys  Falls  are  the  Buckhorn  Falls,  the 
next  in  importance  on  the  river.  At  the  head  of  the  falls  are  the  rem- 
nants of  a  wooden  dam,  about  1,000  feet  long  and  3  to  4  feet  high.  It 
is  V-sha])t'd  with  the  apex  upstream,  one  arm  being  nearly  at  right 
angles  to  the  banks,  terminating  on  the  east  side  at  an  island,  behind 
which  it  turns  a  portion  of  the  water  as  into  a  natural  race,  extend- 
ing for  a  distance  of  a  mile  or  so  between  the  bank  and  a  succes- 
sion of  islands  connected  by  a  series  of  slough  dams.  At  the  end  of 
the  last  island  a  slough  dam  connected  it  with  the  bank,  and  naviga- 
tion was  at  one  time  continued  by  means  of  a  canal  about  half  a  mile 
long,  40  feet  wide  at  the  surface,  and  0  feet  deep,  provided  with  three 
locks,  giving  a  total  lift  of  2'2  feet. 

These  falls  constitute  an  excellent  power,  with  location  i)erfectly 
safe  and  easily  available.  The  existing  canal  constitutes  a  race  ready 
for  use,  and  by  utilizing  the  lift  of  the  guard  lock  and  discharging  the 
water  directly  into  the  river  at  the  works  a  fall  of  about  2i)  feet  may 
be  rendered  continuously  available  except  during  severe  freshets.  The 
canal  is  in  fair  condition  and  might  be  nnide  perfect  at  small  cost.  If 
necessar}-,  it  could  easily  be  widened  so  as  to  increase  its  capacity. 

Rockfish  Creek,  oue  of  the  small  tributaries  of  the  Cape  Fear,'  which  joins  it  on  tlie 
south  side  some  10  miles  below  Fayetteville,  is  one  of  the  saiid-hill  strejiins,  so  called 
from  tlie  belt  of  sandy  hills  in  this  part  of  the  country  whi(;h  they  travisrse.  The 
drainaj^c  basin  of  Kocklisli  Creek  lies  below  the  fall  line.  There  an;  no  falls,  liut  a 
gradual  declivity.  Of  the  available  power  on  this  stream  hut  a  small  proportion  is 
beini^  ut ilizcd.  I'^ormcrly  there  were  one,  or  two  sawmills  located  on  it  below  the 
uiontli  of  Little  Ifockfish  Creek,  but  these  have  all  di8a])peared.  Above  this  point 
there  is  one  cotton  mill,  Hope  Cotton  Mill  No.  2,  a  few  small  saw  and  grist  mills,  and 
several  promisin;^  but  undeveloped  powers.  The  cotton  mill  contains  UIO  lo(uns  and 
10,000  spindles,  operattjd  entirely  by  water  power,  about  21)0  horsepower  being 
rerinired.  The  snpi)ly  of  water  is  ami)le  even  during  the  driest  years,  liesides  this 
mill,  there  are  on  the  tributaric  s  of  this  creek  three  other  mills  operating  a  total  of 
341  looms  and  12,i)00  spindles. 

Haw  IJiver,  the  larg«;st  tributary  of  the  Cape  I'ear,  has  had  nian.\  water-jiower 


'  Data  compiled  from  a  report  prepared  by  Prof.  J.  A.  Holmes,  State  geoluj^iat  of  North  Carolina. 
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developments  along  its  course,  of  which  the  following  are  the  most  important,  com- 
mencing at  the  mouth  of  the  river: 

The  first  power  is  situated  just  helow  the  mouth  of  New  Hope  River  and  is  known 
as  the  Bland  Mill  site.  The  fall  here  is  about  7  feet.  The  wooden  dam  built  to 
develop  power  for  a  large  gristmill  has  been  nearly  destroyed.  About  2  miles 
farther  ujistream  is  a  power  known  as  Hartsaws  site,  where  the  available  fall  is 
said  to  be  6  feet.  Three  miles  above  Hartsaws  is  Moore's  mill.  There  is  no  dam 
here,  hut  a  race  some  200  yards  long  leads  to  the  mill,  where  a  fall  of  some  10  feet  is 
obtained.    The  shoal  is  about  1  mile  long  and  the  total  fall  is  said  to  be  about  22  feet. 

One  and  one-half  miles  above  Moore's  mill  is  Williams's  mill,  where  there  is  a  fall 
of  7  feet,  but  the  dam  could  easily  be  raised  and  3  to  4  feet  additional  fall  obtained. 

The  site  is  not  a  good  one  for  a  mill  of  any  size,  as  the  river  is  very  wide  and  is 
here  divided  by  an  island  half  a  mile  or  more  long.  The  pond  is  about  450  yards 
long,  and  starting  from  its  head  there  is  a  fall  of  12  to  14  feet  in  the  next  three- 
fourths  of  a  mile.  Two  miles  above  this  is  the  power  known  as  the  Seven  Island 
Shoal,  where  the  fall  is  said  to  be  7  feet.  The  next  site  is  at  Henley's  mill,  12  or  13 
miles  from  the  mouth  of  the  river.  The  fall  here  is  about  8  feet  at  the  mill,  and  the 
total  fall  in  the  shoal  is  estimated  at  16  feet. 

The  most  important  power  on  this  part  of  the  river  is  that  at  Bynums,  4  miles 
above  Henley's  mill  and  17  miles  iibove  the  mouth  of  the  river.  Here  are  located 
the  cotton  mill  of  the  Odell  Manufacturing  Company,  containing  4,500  spindles,  a 
cotton  gin,  corn  mill,  and  roUer  flour  mill,  all  operated  by  water  from  the  same 
race.  Tlie  dam  is  3^  feet  high  and  500  feet  long,  ponding  the  water  over  10  or  12 
acres.  A  race  600  feet  long  leads  to  the  mill,  where  the  fall  is  16  feet  and  the  power 
developed  is  about  125  horsepower,  notwithstanding  more  or  less  waste  of  water. 

A  short  distance  above  Bynums  is  Pace's  mill.  The  dam  here  is  8  feet  high  and 
100  feet  long,  and  from  it  a  race  450  feet  long  leads  to  the  mill,  where  a  fall  of  14  feet 
is  used.  'Upon  tliis  property  there  are  said  to  he  two  other  sites  not  used,  one  below 
the  mill  with  10  feet  fall,  and  one  above  with  13  feet  fall,  which  can  be  renilcred 
available  by  a  dam  4  feet  high  and  (300  feet  long  and  a  race  600  feet  long.  Within  the 
next  3  miles  there  are  several  sites  not  used  At  Loves  is  a  mill  utilizing  a  fall  of 
11  feet,  and  at  Saxapahaw  is  located  the  Saxapahaw  Cotton  Mill  containing  4,704 
spindles  and  100  looms.  There  is  a  dam  extending  across  the  river  about  375  feet 
long  and  3  feet  high.  The  fall  at  the  mill  is  said  to  be  19  feet,  and  the  power  devel- 
oped is  about  160  horsepower.  Three  miles  above  Saxapahaw  and  41  miles  above 
the  inouth  of  the  river  is  Newlin's  gristmill.  The  dam  is  of  wood  and  stone,  900 
feet  long  and  5  feet  high,  and  from  it  leads  a  I'ace  400  yards  long  and  10  feet  wide, 
carrying  the  water  to  the  mill,  where  the  fall  is  said  to  be  9  feet. 

The  next  power  is  an  undeveloped  one  owned  by  the  Virginia  Cotton  Mills  Com- 
pany, of  Swepsonville,  Alamance  County.  The  available  fall  here  is  some  6  or  7 
feet  and  it  is  proposed  to  develop  this  shoal  and  transmit  the  power  electrically  to 
the  cotton  mill  above.  One  mile  above  this  site  and  45  miles  above  the  moutli  of  the 
river  is  the  cotton  mill  of  the  Virginia  Cotton  Mill  Company,  which  contains  200 
looms  and  4,160  spindles.  Tlie  dam  is  of  wood,  550  feet  long,  7  feet  high,  and  from  it 
a  race  450  yards  long  leads  to  the  mill,  Avhere  the  fall  is  13  feet  and  the  power  used 
about  160  horsepower  developed  by  two  61-inch  turbine  wheels.  Full  capacity  can 
he  obtained  all  the  time  except  in  the  very  driest  seasons. 

Fifty  miles  above  the  mouth  of  the  river  are  the  Granite  Cotton  Mills,  owned 
by  the  Thomas  M.  Holt  Manufacturing  Company,  of  Haw  River,  located  just  above 
the  crossing  of  the  North  Carolina  Railroad.  These  mills  contain  8,500  spindles  and 
436  looms,  all  operated  by  water  power.  The  dam  is  of  wood  and  stone,  610  feet 
long  and  12  feet  high,  and  hacks  the  water  about  If  miles.  There  is  no  race,  the  mill 
being  located  directly  at  the  dam.  The  head  is  12  feet  and  the  power  developed  is 
450  horsepower,  furnished  by  two  60-inch  turbines.  These  mills  are  frequently 
troubled  with  lack  of  water  during  dry  seasons  for  two  or  three  months  each  year 
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and  have  an  anxiliary  steam  i>laiit.  At  tin;  liead  of  the  ])Oii(l  of  the  Granite  mill  is 
Seller's  mill  site,  not  now  used,  where  the  fall  is  said  to  b(i  12  feet. 

Fifty-five  miles  above  the  mouth  of  th(!  river  are  the  .luanita  Cotton  Mills,  con- 
taining 6,300  spindles.  The  fall  here  is  14  feet,  7  being  given  by  the  dam,  which  is 
of  wood.  407  feet  long.  l)a<  king  the  water  for  three-fourths  of  a  mile.  Tlie  race  is 
200  feet  long  and  the  power  developed  is  140  horsepower,  given  by  two  58-inch  tur- 
bines. One  mile  above,  and  56  miles  above  the  mouth  of  the  river,  is  the  Carolina 
Cotton  Mill,  which  operates  58  looms  and  3,070  spindles.  The  dam  is  200  feet  long 
and  ()  feet  high,  giving  a  fall  of  15  feet  at  the  mill  through  a  race  three-fourths  of  a 
mile  long.    One  hundred  iind  lifty  horsepower  is  used. 

One  mile  above  the  latter  are  the  Gh'iicoe  Cotton  Mills,  containing  186  looms  and 
3,500  spindles.  The  dam  is  320  feet  long  and  9  feet  high,  giving  a  fall  of  15  feet 
through  a  race  400  yards  long.  It  is  claimed  that  160  horsepower  can  be  secured 
for  at  least  90  per  cent  of  the  time. 

The  highest  power  on  the  river  is  the  site  of  the  Altamaha  Mills,  located  about  5 
miles  from  Gibsonville  station,  on  the  North  Carolina  Railroad.  This  mill  contains 
394  looms  and  6,500  spindles.  The  dam  is  350  yards  above  the  mill  and  is  300  feet 
long  and  15  feet  high  and  backs  the  water  3  miles.  The  fall  at  the  mill  is  20  fo.et 
and  300  horsepower  is  used,  50  of  which  is  furnished  by  an  engine  in  use  all  tlie  time. 

Among  the  tributaries  of  Haw  River  are  a  few  small  streams  that  deserve  men- 
tion on  account  of  the  power  develo])ments  on  them.  The  tirst  considerable  tribu- 
tary met  with  in  ascending  the  river  is  New  Hope  River,  which  enters  from  the 
west,  after  flowing  through  Orange  and  Chatham  countie.s,  draining  an  area  of  317 
square  miles.  On  it  have  been  developed  only  small  grist  and  saw  mill  sites.  Cane 
Creek  is  the  next  imjxjrtant  tributary.  Tliere  was  formerly  located  on  this  stream 
one  factory,  the  Clover  Orchard  Cotton  Factory,  which  utilized  about  50  horse- 
power from  a  fall  of  23  feet.  A  mile  or  more  above  this  old  site  is  the  Snow  Camp 
Woolen  Mill,  containing  11  looms  and  400  spindles.  A  dam  12  feet  high  and  70  feet 
long  gives  a  fall  of  16  feet  and  develops,  it  is  claimed,  40  horsepower  during  the 
greater  part  of  the  year. 

Th<'  next  im])ortaiit  tributary  is  Alamance  Creek.  There  ;ire  only  two  consider- 
able jjowers  on  the  stream  utilized  Ijy  the  Alamance  and  the  liellcmont  cotton  mills. 
The  Alamance  mill  contains  94  looms  and  960  spindles,  using  about  50  horsepower. 
The  diini  is  of  stone,  10  feet  high  and  125  feet  long,  with  a  race  250  yards  long, 
and  gives  a  fall  of  12A  feet  at  tlie  mill.  The  Belleniont  mill  is  located  about  5  miles 
from  Bra lington.  It  contains  12(!  looms  and  2,592  spindles,  and  uses  al)out  150  horse- 
power, developed  during  nine  months  of  the  year  by  water  alone;  for  the  rest  of  the 
year  it  is  neces.sary  to  supplement  the  water  power  with  steam.  The  dam  is  11  feet 
high  and  100  ieet  long,  l)uilt  of  wood,  and  has  no  race. 

The  Reedy  Fork  of  Haw  River  and  the  other  tributaries  and  forks  in  tlie  upper 
part  of  the  drainage  basin  offer  powers  utilized  to  some  I'xtent  by  saw  and  grist 
mills,  and  one  cotton  mill  (the  Ossipee),  The  country  is  flat  in  the  np])er  i)art  of 
the  basin,  and  no  falls  occur  in  the  streams. 

Th(!  Ossij)ee  mill  is  located  on  the  south  side  of  Reedy  Fork,  about  l.V  niil(!s  al)Ove 
the  junctiim  of  tliis  stream  with  Haw  River,  It  contains  300  looms  and  3,600  spin- 
dles. The  dam  is  10  feet  high  and  1.50  feet  long,  giving  a  fall  of  11  feet  at  the  mill 
and  developing  160  horsepower  for  nine  months  in  the  year.  This  is  supplemented 
by  steam  during  the  dry  season. 

Deep  River,  the  second  tributary  oi"  the  Cape  Fear  in  size,  like  Haw  River,  has 
along  its  course  a  number  of  water-power  develoi)ments.  The  first  power  met  with 
on  ascending  the  river  is  at  Lockvillc!,  about  2  miles  from  the  month.  The  falls, 
known  as  I'ullins  Falls,  were  overcome  by  the  navigation  conijiany  aaid  navigation 
e8tal)lished  around  them  hy  means  of  two  <b'inis,  and  a  canal  leading  down  the  river 
froiTi  the  lower  one,  with  an  outlet  lock  into  the  river  at  the  lower  end  of  the  town, 
the  lift  being  24  feet.    The  lower  dam  is  600  to  700  feet  long,  11  feet  high,  built  of 


190  PROGRESS  OF  STREAM  MEASUREMENTS  FOR  1897. 


cribwork  filled  with  stone,  V-shaped  with  apex  upstream,  and  backs  the  water  with 
an  average  width  of  700  feet  about  half  a  mile  to  the  ujjper  Lockville  dam.  The 
foundation  is  of  rock  and  the  dam  is  not  liable  to  much  injury  by  freshets.  This 
power  is  now  used  only  by  one  small  mill — a  roller  Hour  mill  of  about  40  barrels 
capacity  per  day.  The  second  Lockville  dam  is  located  about  half  a  mile  above  the 
first,  is  similar  in  construction,  and  extends  straight  across  the  river ;  its  height  is 
16  feet,  its  length  700  feet,  and  its  pond  2  miles  in  length,  reaching  up  to  the  Gorgas 
Canal,  with  an  average  width  of  600  feet.  The  lock  at  the  north  end  is  11.5  feet  long 
and  18  feet  wide,  and  the  lift  is  16  feet.  Two  and  one-half  miles  above  the  second 
Lockville  dam,  just  below  the  mouth  of  Rocky  River,  is  located  the  Gorgas  dam, 
which  extends  straight  across  the  river,  is  about  600  feet  long  and  7  feet  high,  built 
of  cribs  filled  with  stone,  vertical  on  both  sides,  and  backs  the  water  up  to  the 
Endor  dam,  a  distance  of  about  7  miles,  with  an  average  width  of  about  .500  feet. 
At  the  Endor  dam  there  is  a  fall  of  about  4  feet. 

Ten  miles  above  this  place  is  the  Gulf  dam,  about  400  feet  long  and  10  feet  high, 
which  backs  the  water  up  to  the  Carbonton  dam,  7  miles  above.  This  power  is  used 
only  by  a  gristmill,  utilizing  about  40  horsepower  and  a  fall  of  10  feet.  It  is  said 
that  by  a  little  cleaning  out  of  the  river  this  fall  could  be  increased  to  12  feet.  At 
the  Carbonton  dam  there  is  a  fall  of  9  or  10  feet,  and  the  dam  was  about  400  feet 
long,  ponding  the  water  for  a  distance  of  6  miles.  The  Glendon  Flouring  Mills  are 
about  6  miles  above  Carbonton.  There  is  here  a  16-foot  wooden  dam,  300  feet  long. 
There  is  no  natural  fall  in  the  river. 

At  Glenn's  Mill,  12  miles  above  Carbonton,  there  is  reported  to  be  a  dam  400 
yards  long  and  17  feet  high,  built  of  wood,  which  gives  a  fall  of  19  feet  at  the 
wheels.  The  dam  is  V-shaped,  apex  upstream,  and  there  is  a  gristmill  at  one  end 
and  a  grist  and  saw  mill  and  cotton  gin  at  the  other. 

Carbonton  is  the  head  of  navigation.  The  foundation  of  a  lock  was  put  in  there, 
but  the  lock  was  never  completed,  and  the  boats  never  ascended  into  the  Carbonton 
pool.    A  fall  of  10  feet  can  easily  be  developed  there  for  water  power. 

At  Prosperity,  Moore  County,  6  miles  above  Glenn's  grist  and  saw  mill,  and  47 
miles  above  the  mouth  of  the  river,  is  W.  K.  Jackson's  gristmill.  The  dam  is  350 
feet  long,  8  feet  high,  of  wood  and  stone,  giving  a  fall  at  the  mill  of  8  feet. 

At  Big  Falls,  about  lA  miles  above  Prosperity,  there  is  a  shoal  about  three-eighths 
of  a  mile  long,  with  a  dam  at  its  head  350  feet  long  and  4  feet  high.  The  fall  at  the 
mill  is  15  feet,  it  is  stated,  although  a  20-foot  fall  is  said  to  be  available.  The 
stream  is  about  350  feet  wide,  with  banks  and  bed  of  rock.  This  power  is  appar- 
ently well  suited  for  the  operation  of  some  larger  manufacturing  establishment. 

Ritters  Falls,  3  miles  above,  is  an  unimproved  site,  where  Ihe  available  fall  is  said 
to  be  10  feet.  One  and  one-half  miles  above  Ritters  Falls  and  12  miles  below  the 
Enterprise  mill  is  the  gristmill  of  Howard  &  Moffatt.  The  head  here  is  8i  feet, 
derived  from  a  7-foot  stoue-and-wood  dam,  through  a  race  150  yards  long.  The  dam 
is  about  .300  feet  long.  Gardners  Shoal  is  the  firsc  one  above  Howard  &.  Moffatt's 
mill  worthy  of  mention.  There  is  here  an  available  fall  of  aboiit  10  feet  in  half  a 
mile.    The  bed  and  the  banks  of  the  river  are  of  rock. 

Moons  Shoal,  If  miles  farther  upstream,  was  the  site  of  an  old  gun  shop.  The 
fall  here  is  6  feet  in  about  300  yards,  over  rock  bottom.  One  and  one-half  miles 
above  Moons  and  three-fourths  of  a  mile  below  the  Enterprise  mill  is  an  unim- 
proved shoal — Silers  Shoal — where  the  available  fall,  over  a  good  rock  bottom,  is  said 
to  be  about  20  feet  in  one-fourth  of  a  mile.  Three-fourths  of  a  mile  above  Silers  Shoal, 
and  63  miles  above  the  mouth  of  the  river,  are  located  the  Enterprise  Cotton  Mills, 
containing  4,000  spindles  afld  using  about  150  horsepower.  The  dam  is  of  cemented 
masonry,  3^  feet  high  and  360  feet  long,  and  backs  the  water  three-fourths  of  a 
mile.  The  race  is  250  yards  long  and  gives  a  head  of  20  feet  on  the  wheel.  There 
is  also  a  small  flour  mill  operated  by  water  from  the  same  race.  The  supply  of 
water  is  ainple  for  all  jjurposes  throughout  the  entire  year.  One  and  one-half  miles 
above  Enterprise  there  is  a  shoal  having  a  fall  of  about  8  feet  in  300  yards,  and  1^ 
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miles  above  this  place  there  is  a  similar  shoal,  with  a  fall  of  7  feet  iu  the  same  dis- 
tance; both  are  entirely  uudevoloped.  Two  miles  above  the  last  mentioned  and  1 
mile  below  Kamseur  is  the  Allen  shoal.  The  fall  here  is  14  feet  in  half  a  mile  over 
good  rock  bed,  and  with  banks  suitable  for  buildinf;;. 

J?ixty-nine  miles  above  the  mouth  of  the  river  is  the  town  of  Ramsenr,  where  is 
located  the  mill  of  the  Columbia  Manufacturing  Company,  which  contains  9,916 
spindles  and  32.")  looms.  The  dam  is  of  stone,  12  feet  high  and  425  feet  long,  back- 
ing the  water  nj)  to  the  mill  of  the  Randolph  Manufacturing  Company.  The  race 
is  300  yards  long,  the  working  head  is  15  feet,  and  180  horsepower  is  developed.  At 
Franklinville,  between  2^  and  3  miles  above  Ramsenr,  is  tin?  mill  of  the  Randolph 
Manufacturing  Company,  which  contains  3, .500  si)indles  and  112  fsheetiug  looms,  and 
re(|Hires  125  horsepower.  The  dam  is  of  stone,  8  feet  high  and  about  400  feet  long. 
The  race  is  100  yards  long  and  carries  the  water  to  two  turbines,  which  are  said  to 
develop  143  horsepower  under  a  head  of  12  feet.  Half  a  mile  farther  upstream 
is  the  cotton  mill  of  the  Franklinville  Manufacturing  Company,  which  contains 
2,500  spindles  and  40  bag  looms  and  uses  about  90  horsepower.  The  dam  is  of  stone, 
5  feet  high  and  400  feet  long.  Th(^  race  is  between  450  and  500  yards  long  and  the 
head  on  the  wheel  is  18^  feet.  There  are  also  a  gristmill  and  cotton  gin,  using  about 
30  horsepower  and  drawing  water  from  the  same  race. 

At  Cedar  Falls,  2  miles  above  the  mill  last  mentioned  and  73,V  miles  above  the 
mouth  of  the  river,  is  the  cotton  mill  of  the  Cedar  Falls  Manufacturing  Comjiany, 
which  contains  3,936  spindles  and  is  operated  entirely  by  water  power.  The  head  is 
25  feet  and  the  race  is  aboiit  one-half  mile  long.  The  dams  are  three  in  number, 
built  between  islands,  one  10  feet  high  and  150  feet  long,  and  two  each  7  feet  high 
and  280  feet  long.  About  1  mile  above  this  there  is  an  undeveloped  shoal,  where 
the  fall  is  said  to  be  from  12  to  15  feet.  Two  miles  above  the  last-mentioned  site  is 
the  Central  Falls  Mill  of  the  Worth  Manufacturing  Company.  The  dam  here  is  of 
wood,  9  feet  high  and  325  feet  long,  and  backs  the  water  up  to  the  dam  of  the  upi)er 
mill,  a  distance  of  3  miles.  Three  miles  above  Central  Falls  is  the  site  of  the 
upper  mill  of  the  same  company.  The  dam  here  is  of  stone,  17  feet  high  and  2.50  feet 
long.  There  is  no  race,  and  the  dam  backs  the  water  for  1^  miles.  The  two  mills 
at  Worthville  and  Central  Falls  contain  together  10,000  spindles  and  328  looms. 
Four  miles  farther  upstream  and  84  miles  from  the  mouth  is  the  mill  of  the  Naomi 
Falls  Manufacturing  Company  of  Randleman,  North  Carolina.  These  mills  contain 
5,000  spindles  and  298  looms  for  the  manufacture  of  cotton  cloth  and  cotton  bags. 
The  dam  is  of  wood  and  stone,  13  feet  high  and  300  U'et  long,  and  backs  the  water 
about  one-half  mile.  There  is  no  race,  the  water  going  directly  to  the  wheels, 
which  are  capable  of  developing  about  130  horsepower.  This  is  supplemented  at  all 
times  by  at  least  50  horsepower  from  the  steam-power  plant. 

One  mile  above  Naomi  Falls,  in  the  town  of  Randleman,  are  located  the  two  mills 
of  the  Randleman  Manufacturing  Company,  which  contain  5,U00  spindles  and  270 
looms,  both  mills  being  operated  by  water  from  the  same  race.  The  dam  here  is  of 
stone,  12  feet  higii  and  275  feet  long,  and  backs  the  water  2i  miles  without  throw- 
ing the  river  out  of  its  banks.  The  race  is  about  500  feet  long  and  the  working  head 
is  12  feet,  developing  175  horsepower  by  means  of  4  turbine  wheels.  For  about  six 
months  in  the  year  there  is  enough  water  to  run  the  mills  to  theii  full  capacity  by 
the  use  of  water  power  alone.  'I'here  is  said  to  be  a  shoal,  called  the  Island  Ford 
Shoal,  about  2  miles  above  l\andleman,  having  a  fall  of  10  or  12  feet.  Four  miles 
above  Randleman  is  Walker's  gristmill,  which  has  an  8-foot  stone  dam  300  feet 
long,  which  furnishes  a  10-foot  working  head  tlirough  a  race  110  yards  long. 
Coltrane's  gristmill,  3  miles  above  Walker's,  has  an  «-foot  masonry  dam  100  yards 
long,  and  a  working  head  of  10  feet.    The  race  is  about  100  yards  long. 

Freemon's  gristmill  is  5  miles  above  th(^  last-named  site.  It  was  built  for  a  woolen 
mill  and  was  run  as  such  lor  some  time.  The  dam  is  of  stone  laid  iu  cement  ,  12  feet 
high  and  1.30  feet  long.  There  is  no  race.  Five  miles  above  Freemon's  mill,  102 
miles  above  the  month  of  the  river  and  1  milt;  below  Jamestown  station,  on  the 
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Sontbern  Railway,  is  the  cotton  mill  of  theOakdale  Mamilactnring"  Comjiauy,  which 
contains  3,320  spindles.  The  fall  here  is  25  feet,  obtained  by  a  wooden  dam  20  feet 
high  and  260  feet  long,  and  a  race  250  feet  long.  The  dam  backs  the  w^ater  1  mile 
with  an  average  Avidtli  of  pond  of  100  feot.  The  powers  above  this  point  are 
inconsiderable. 

RatiiKj  table  for  Cape  Fear  River  at  Fayetieville,  North  Carolina,  for  1897.  ♦ 
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Estimated  viotithly  discharge  of  Cape  Fear  River  at  Fayetteville,  North  Carolina. 

[Drainage  area,  4,493  square  miles.] 


Month. 
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YADKIN  RIVER. 

Yadkiu  River,  called  the  Great  Pedee  below  its  junction  with  TJwharie 
River,  takes  its  rise  on  the  eastern  slojie  of  the  Blue  Ridge,  in  Caldwell 
and  Watauga  counties  of  North  Carolina.  It  flows  first  slightly  north 
of  east  for  some  distance,  then  bending  abruptly  to  the  right  it  flows 
a  little  east  of  south,  passing  into  South  Carolina,  and  continuing  this 
same  general  course  empties  into  Winyah  Bay  at  Georgetown.  Follow- 
ing the  general  course  of  the  stream  the  distance  from  its  source  to  its 
mouth  is  between  275  and  300  miles,  but  following  all  its  windings  it  is 
much  greater,  exceeding  400  miles,  as  nearly  as  can  be  estimated  by 
measurement  on  the  map. 

As  described  by  Prof.  J.  A.  Holmes  in  his  report,  there  are  no  towns 
of  importance  on  that  part  of  the  river  where  there  are  facilities  for 
water  power.  In  North  Caroliua  there  are  no  towns  on  the  river  with 
more  than  a  few  hundred  inhabitants,  the  principal  ones  being  Elkin, 
in  the  southwest  corner  of  Surrey  Countj^,  and  Wilkesboro,  the  county 
seat  of  Wilkes  County.  The  Great  Pedee  crosses  the  fall  line  a  little 
above  Cheraw.  The  fall  is  not  so  pronounced  as  in  the  case  of  the  Tar 
and  the  Roanoke,  but  consists  of  a  series  of  rapids  extending  over  a 
number  of  miles,  with  no  very  great  fall  in  any  place  or  within  any  short 
distance.  Between  the  Carolina  Central  Railroad  crossing  and  the 
mouth  of  Uwharie  River  there  are  four  prominent  shoals  that  may  be 
considered  available  for  water  power,  and  between  these  there  are  a 
number  of  smaller  shoals  not  worth  mentioning  in  this  connection.  The 
total  distance  is  about  47  miles,  and  the  total  fall  in  the  river  between 
the  two  x)oints  is  about  158  feet.  Bluetts  Falls,  the  first  of  these  shoals, 
is  about  18  miles  above  the  State  line.  It  is  about  1,000  feet  long  and 
has  an  estimated  fall  of  8  or  9  feet  in  this  distance.  Grassy  Island  Shoal, 
about  19  miles  above  the  State  line,  has  an  estimated  fall  of  35  or  36 
feet  in  a  distance  of  4.5  miles.  The  river  at  this  place  is  at  least  half 
a  mile  wide,  with  an  average  depth  of  about  8  inches.  Swift  Island 
Shoal,  about  50  miles  above  the  State  line,  has  an  estimated  fall  of  about 
18  feet  in  a  distance  of  2.5  miles.  There  is  here  a  rock  dam  4  to  5  feet 
high,  extending  across  the  river  in  the  form  of  a  V,  with  the  apex 
upstream,  from  which  a  race  one-half  mile  long  leads  to  an  abandoned 
cotton  factory  on  the  east  side  of  the  river.  Mills  are  said  to  have  been 
in  operation  at  this  point  for  three-quarters  of  a  century.  The  site  is 
about  8  miles  east  of  the  Southern  Railway  station  at  Albemarle,  the 
county  seat  of  Stanly  County.  Gunsmith  shoals,  about  61  or  62  miles 
above  the  State  line,  is  just  below  the  r.iouth  of  Uwharie  River,  and 
has  a  fall  of  9.5  feet  in  a  little  less  than  half  a  mile. 

About  64  or  65  miles  above  the  State  line  are  the  Narrows  of  the 
Yadkin,  the  most  famous  water  power  in  North  Carolina.  For  4  or  5 
miles  above  the  mouth  of  the  TJwharie  the  country  is  entirely  different 
in  character  from  that  both  below  and  above  this  region.    Over  the 
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shoals  Just  described  aud  those  described  further  on,  which  occur  liigher 
up  the  stream,  tlie  bed  of  the  river  spreads  out  to  a  width  of  from 
1,000  to  1,500  feet,  and  at  Grassy  Islands  it  is  not  less  than  half  a  mile 
wide.  Before  enteriii<;-  the  Narrows  the  river  is  nearly  1,000  feet  wide, 
from  which  it  suddenly  contracts,  entering  a  narrow  ravine  with  rocky 
aud  almost  i)erpendicular  banks  that  rise  to  a  height  of  from  I.jO  to 
300  feet.  Between  these  it  pours  with  great  violence,  preserving  for  a 
distance  of  about  a  quarter  of  a  mile  an  average  width  not  exceeding 
loO  feet,  while  in  some  places  the  width  is  only  60  feet.  Below  the 
Narrows  proper  the  stream  expands  to  a  width  of  from  150  to  300  feet, 
and  flows  with  a  rapid  current  for  the  succeeding  2h  or  3  miles  through 
a  narrow  gorge,  the  banks  on  each  side  being  very  steep  and  rocky, 
except  in  one  or  two  places  where  a  small  lateral  valley  approaches, 
afiording  room  for  a  mill  site.  About  2  miles  below  the  Narrows 
proper,  but  still  within  the  gorge,  are  the  rapids  known  as  Little  Falls, 
and  half  a  mile  below  are  those  known  as  Big  Falls.  Just  below  the 
latter  comes  a  long  and  narrow  stretch  called  "  the  Lake,"  where  the 
river  is  still  confined  between  rocky  and  very  steep  banks,  but  the  fall 
is  very  small,  the  width  of  the  stream  only  from  100  to  200  feet,  and 
the  depth  very  great.  At  the  lower  end  of  the  Lake,  which  is  between 
a  quarter  and  a  half  mile  long,  the  river  widens  out,  and  from  that 
point  down  to  the  mouth  of  the  I'wharie,  about  1  mile,  the  river  is  inter- 
spersed with  rocks  and  islands,  with  banks  10  to  20  feet  high  on  each 
side,  and  behind  them  flat  lands  for  several  hundred  yards.  The  total 
fall  in  the  river  from  the  falls  at  the  head  of  the  Narrows  to  the  mouth 
of  U wharie  Kiver  is  91  feet,  and  of  this  37  feet  are  concentrated  in 
the  Narrows  proper,  a  distance  of  about  1  mile. 

Above  the  Narrows  and  between  this  place  and  the  Southern  Rail- 
way crossing  near  Salisbury  there  are  six  important  slioals  and  a  num- 
ber of  smaller  ones.  The  general  width  of  the  river  in  this  portion  of 
its  course  is  from  (JOO  to  1,000  feet.  The  banks  have  an  average  height 
of  about  10  feet  above  average  winter  water.  Bull  Island  Shoal,  the 
first  above  the  Narrows,  has  a  total  fall  estimated  at  37  feet  in  a  length 
of  nearly  2  miles,  beginning  about  one-half  mile  below  Pennington's 
ferry,  and  ending  from  1  to  2  miles  above  the  Narrows  and  from  00  to 
07  miles  above  the  State  line.  The  second  important  shoal  above  the- 
Narrows  lies  between  Pennington's  ferry  and  Milledgeville.  It  has  a 
total  fall  of  74  feet  in  a  distance  of  4^  miles.  The  Milledgeville  Shoal, 
the  third  of  importance  above  the  Narrows,  has  a  fall  of  14  feet  in  a 
distance  of  seven-tenths  mile;  one  plunge  of  about  G  feet  occurs  near 
the  bottom  of  the  shoal.  It  is  situated  about  miles  above  the  Nar- 
rows, 70  or  71  miles  above  tlie  State  line,  and  a  short  distance  below 
Stokes  ferry.  This  shoal  is  utilized  to  some  extent.  The  Yadkin  Falls 
Manufacturing  Company  has  a  cotton  factory  and  gristmill  on  the 
east  side  of  the  river,  using  in  all  125  horsepower.  The  wing  dam 
on  this  side  of  the  river  is  of  stone,  about  000  feet  long,  and  gives  a 
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10-foot  fall  at  the  factory,  which  contaius  36  cards  and  3,160  spindles. 
On  the  opposite  or  west  side  of  the  river  at  this  point  are  located  a 
sawmill,  a  gristmill,  a  cotton  gin,  and  a  wool-carding  mill,  using  in  all 
about  40  horsepower,  supplied  with  water  from  a  small  wing  dam 
extending  from  the  bank  across  a  portion  of  the  river  to  an  island. 
The  fall  secured  is  8  feet.  Motts  Falls,  the  fourth  important  shoal, 
about  73  miles  above  the  mouth  of  the  river,  has  a  fall  of  13J  feet  in 
about  eight-tenths  of  a  mile.  Bald  JMountain  Shoal,  2  miles  farther  up 
the  river  and  about  75  miles  from  the  State  line,  has  a  fall  of  about  8^ 
feet  in  half  a  mile.  Flat  Swamj)  Mountain  Shoal,  about  79i  miles 
above  the  State  line  and  less  than  1  mile  below  the  mouth  of  Abbott 
Creek,  has  a  natural  fall  of  10.2  feet  in  half  a  mile.  Between  the 
mouth  of  Abbott  Creek  and  the  Southern  Railway  crossing,  a  distance 
of  some  10  miles,  there  are  no  shoals  of  importance,  and  the  total  fall 
in  this  distance  amounts  to  28.3  feet.  Between  the  railroad  crossing 
aud  the  old  Douthit's  mill  site  there  are  several  small  falls,  some  of 
them  occuj)ied  by  small  saw  and  grist  mills.  About  135  miles  from  the 
State  line  and  291.5  miles  from  the  mouth  of  the  river  is  the  old 
Douthit's  mill  site,  just  at  the  crossing  of  the  Winston  and  Mocks- 
ville  Railroad ;  this  site  is  now  used  by  the  Fries  Manufacturing  and 
Power  Company,  of  Winston-Salem.  The  dam  here  is  of  stone,  10 
feet  high,  extending  obliquely  across  the  river.  The  west  abutment  of 
the  dam  is  the  pier  of  the  railroad  bridge,  and  at  the  east  end  is  the 
power  house,  which  contains  8  turbine  water  wheels  on  vertical  shafts, 
developing,  it  is  claimed,  1,000  horsepower  under  a  head  of  10  feet. 
These  wheels  are  geared  directly  to  the  main  shaft,  which  carries  the 
generator,  a  Stanley  3-phase  alternator  of  750  kilowatts  capacity, 
generating  the  current  at  a  potential  of  11,000  volts.  This  is  trans- 
mitted a  distance  of  13^  miles  to  Winston-Salem  to  the  transformer 
station,  where,  by  means  of  step-down  transformers,  the  current  is 
reduced  to  a  potential  of  1,250  volts,  and  from  there  distributed  to  the 
mills  in  the  vicinity.  Two  of  the  mills,  distant  about  2i  and  3  miles 
from  the  transformer  station,  which  have  their  own  transformers, 
receive  the  current  direct  at  the  potential  of  11,000  volts.  All  the 
motors  are  of  the  Stanley  synchronous  alternating  type.  Power  from 
the  plant  of  the  Fries  Manufacturing  and  Power  Company  is  supplied 
to  the  Arista  Mills,  the  Southside  Cotton  Mills,  the  Wachovia  Grain 
Mills,  the  F.  &  H.  Fries  Woolen  Mill,  the  Winston-Salem  Electric 
Company,  the  wood  working  establishment  of  Fogle  Bros.,  the  Vance 
Iron  Works,  and  the  Salem  Water  Supply  Company;  and  the  company 
has  also  contracts  on  hand  for  several  hundred  additional  horsepower. 
The  plans  anticipate  the  enlargement  of  the  plant  to  double  its  present 
size. 

Between  this  point  and  the  head  of  Bean  Shoal,  a  distance  of  about 
33  miles,  there  are  four  shoals  with  falls  varying  from  4.5  to  8  feet. 
The  jirincipal  shoal  on  this  part  of  the  river  is  Bean  Shoal,  situated 
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about  324.7  miles  above  tbe  moutb  of  tbe  river  and  about  1G8  miles 
above  the  State  line,  tbe  fall  in  4  miles  being"  over  30  feet.  In  tlie  lower 
part  of  tbe  sboal  tliere  is  a  fall  of  about  10  feet  in  2  miles.  Tbe  only 
part  of  tbe  sboal  now  being"  utilized  is  near  tbe  middle,  wbere  Martin's 
gristmill  is  situated  ou  tbe  soutb  side  of  tbe  river.  Between  1820  and 
1835  tbe  Yadkin  Navigation  Company  did  considerable  work  at  tbese 
shoals  with  a  view  of  rendering"  the  river  navigable.  A  dam  was  built 
at  tbe  bead  of  tbe  shoals  and  a  canal  was  commenced  along  tbe  north- 
ern side  of  the  river.  Tbe  only  trace  of  a  dam  now  to  be  seen  is  an 
abutment  at  tbe  entrance  of  the  canal.  The  canal  was  com^jleted  for  a 
little  more  than  a  mile  from  the  head  of  the  sboal  and  was  from  15  to 
45  feet  wide  at  the  bottom.  At  2,000  feet  from  the  head  of  the  canal 
are  the  ruins  of  a  guard  lock  12  feet  wide.  The  canal  has  silted  up  by 
the  tloods  and,  where  it  passes  through  the  woods,  has  been  overgrown 
by  trees  and  buslies.  Lime  Kock  Sboal  is  about  7^  miles  farther  up  the 
river  and  has  a  fall  of  10.()2  feet  in  2.59  miles.  Twelve  miles  higher  up 
the  river  and  about  35  miles  from  Wilkesboro  is  the  Devils  Staircase 
and  Long  Shoal,  wbere  in  1.61  miles  the  fall  is  11.18  feet  over  a  rock 
bottom.  Tbe  other  shoals  on  the  river  call  for  no  special  remark. 
Besides  those  mentioned  there  are  many  smaller  ones  which  might 
equally  well  be  used  for  ])owei'.  * 

Above  Wilkesboro  the  fall  of  the  river  continually  increases  and  there 
are  some  sites  for  power.  Tbe  only  considerable  power  used  is  that  at 
Patterson,  Caldwell  County,  where  Messrs.  Gwyn,  Harper  &  Co.  have 
a  cotton  mill,  woolen  mill,  sawmill,  and  gristmill.  Tbe  cotton  mill  con- 
tains 50  looms  and  2,288  spindles  and  is  run  by  water  power,  supple- 
mented by  steam  in  dry  seasons.  Tbe  dam  is  of  wood  and  stone,  15 
feet  high  and  300  feet  long.  Tbe  race  is  of  wood,  200  yards  long,  giving 
a  fall  at  tbe  factory  of  25  feet,  which  it  is  claimed  develops  80  horse- 
power by  means  of  a  turbine  wheel  during  eleven  months  in  tbe  year, 
the  mill  running  twelve  hours  a  day.  The  woolen  mill  contains  4  sets 
of  cards,  20  looms,  and  480  spindles,  which  are  operated  by  the  same 
•water  power,  supplemented  by  steam  in  dry  seasons. 

A  niiiiiher  of  the  tributaries  to  tbo  Cape  Fear  and  Yadkin  rivers  are  sand-hill 
Btreaius,  as  they  are  called. ' 

The  sand-hill  belt  consists  of  broad,  flattiah  swells,  well  wooded,  as  a  rule,  with 
long-leaf  jiine,  and  generally  with  an  undergrowth.  The  surface  deposit  of  sand 
varies  from  1  or  2  feet  to  o  or  6  feet  in  depth,  and  is  in  places  10,  20,  or  even  100 
feet  thick.  It  is  underlain  by  less  pervious  strata  of  sand  grit  and  clay  of  the  Ter- 
tiary and  Cretaceous  formations,  which  is  in  places  very  thick,  having  been  bored 
into  for  a  depth  of  17.5  feet  in  one  pbice.  The  smaller  streams  of  tlie  sand  hills  have 
not  cut  out  their  beds  through  the  sand,  and  are  often  sluggish,  stagnant,  and 
marshy;  but  the  larger  creeks  and  the  rivers  have  cut  away  the  sand  entirely  and 
worn  out  their  beds  to  tlie  less  jiervious  strata  beneath,  which  shed  into  the  water 
courses  all  the  water  received  by  percolation. 

The  rapidity  with  which  the  sand  hills  absorb  the  rain  which  falls  upcm  them, 

■  The  data  contained  in  the  following  pages  are  compiled  from  a  report  prepared  by  Prof.  J.  A. 
Holmea,  State  geologist  of  Xortb  C'aroliua. 
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and  thus  remove  it  from  the  direct  action  of  the  snn,  has  the  effect  of  diminishing 
evaporation,  while  their  thiclcness  in  phices  enables  them  to  absorb  considerable 
water,  and  give  it  out  gradually  as  it  reaches  along  the  impervious  strata  beneath, 
and  thus  act  as  storage  reservoirs.  Hence  the  depth  of  the  sand  hills  acts  very 
beneficially ;  the  streams  of  the  class  referred  to  not  only  discharge  a  large  propor- 
tion of  the  rainfall  on  their  drainage  basins,  but  discharge  it  very  uniformly,  and 
their  flow  is  remarliably  constant.  The  value  of  the  streams  is  also  increased  by 
the  fact  that  the  topography  of  the  region  is  such  that  large  ponds  may  be  easily 
obtained,  and  storage  room  sufficient  not  onlj^  to  regulate  the  flow  to  some  extent 
during  the  year,  but  also  to  permit  the  concentration  of  the  entire  flow  during 
working  hours,  and  thus  render  it  possible  to  double  the  power  due  to  the  natural 
flow  of  the  stream  when  the  mills  are  run  only  twelve  hours. 

Gum  Swamp  Creek  will  serve  as  an  illustration  of  the  character  of  these  small 
streams.  It  rises  among  the  sand  hills  of  Richmond  County,  about  8  or  10  miles 
above  the  Carolina  Central  Railroad  at  Laurel  Hill,  and  within  a  about  12  miles  of 
its  source  it  furnishes  the  power  to  operate  three  small  cotton  mills — the  Richmond, 
the  Ida,  and  the  Springfield. 

The  Richmond  Cotton  Mill,  located  on  this  stream  2  miles  north  of  the  railroad 
and  about  the  same  distance  from  Laurel  Hill,  contains  2,556  spindles  and  is 
operated  by  about  90  horsepower  all  the  year  except  that  the  water  gets  some- 
what low  in  very  long  dry  seasons.  The  dam  is  12  feet  high,  600  feet  long;  the 
pond  is  li  miles  long  and  one-third  of  a  mile  wide,  and  the  head  of  the  water  on 
the  wheel  is  10  feet.  The  mill  is  run  only  during  the  day,  and  in  dry  seasons  when 
the  water  in  the  pond  is  lowered  during  the  day  it  fills  up  again  during  the  night. 
The  Ida  yarn  mill,'2i  miles  'south  of  the  Richmond  mill  and  one-eighth  of  a  mile  below 
the  railroad,  contains  3.024  spindles,  operated  by  about  110  horsepower  throughout 
the  year.  The  dam  is  10  feet  high  and  900  feet  long,  producing  a  pond  about  1 
mile  long  and  300  to  400  yards  wide.  The  race  is  300  yards  long  and  the  working 
head  at  the  mill  is  8  feet.  The  Springfield  Cotton  Mill,  IJ  miles  below  the  Ida  yarn 
mill,  contains  2,304  spindles  and  uses  about  85  horsepower.  The  fall  of  water  at  the 
wheel  is  7^  feet.  The  dam  is  10  feet  high  and  525  feet  long,  causing  a  pond  three- 
fourths  of  a  mile  long  and  200  to  300  yards  wide.    The  race  is  200  yards  long. 

The  next  tributary  worth  mentioning  in  North  Carolina  is  Hitchcocks  Creek, 
although  there  are  several  streams  below  it  which  are  favorable  for  power.  This 
creek  flows  entirely  in  Richmond  County  and  has  a  length  in  a  straight  line  of  only 
about  16  or  20  miles,  draining  an  area  of  some  102  square  miles.  It  furnishes,  how- 
ever, the  power  for  five  large  cotton  mills.  Steele's  cotton  mill,  containing  10,304 
si)ind]es  and  300  looms,  is  the  first  important  power  on  this  creek,  2|  miles  above  its 
mouth.  The  dam  is  of  granite  laid  in  cement,  16  feet  high  and  69  feet  long,  devel- 
oping, it  is  claimed,  without  a  race,  350  horsepower.  The  Midway  Cotton  Mill,  about 
4  miles  above  the  mouth  of  the  creek,  contains  16  cards  and  6,200  spindles.  The 
dam  is  of  wood,  13  feet  high  and  150  feet  long.  The  jiresent  wheels  develop,  it  is 
claimed,  about  200  horsepower  throughout  the  year. 

The  Pedee  Manufacturing  Company's  mill  is  located  2  miles  above  the  Midway 
mill  and  contains  23  cards,  300  looms,  and  6,112  spindles.  The  dam  is  of  stone  and 
dirt,  22  feet  high  and  107  feet  long,  giving  22  feet  fall,  which,  it  is  claimed,  furnishes 
300  horsepower  all  the  year  round  except  during  short  and  unusually  dry  seasons. 
The  pond  extends  over  2  miles  upstream. 

The  Roberdel  Cotton  Mills  (see  PI.  XXVII,  A),  2|  miles  above  the  Pedee  mills  and 
3  miles  northeast  of  Rockingham,  contains  24  cards,  300  looms,  and  6,000  spindles, 
all  operated  by  water  power.    The  dam  is  of  stone,  24  feet  high  and  170  feet  long, 
giving  a  fall  ot  22-^  feet  at  the  factory,  which  is  said  to  generate  300  horsepower 
throughout  the  year. 

The  Ledbetter  Manufacturing  Company's  cotton  mill  is  located  2  miles  above  the 
Roberdel  mill  and  operates  2,080  spindles  and  2  sets  of  cards  by  water  from  this 
creek.  The  dam  is  of  brick,  13  feet  high  and  140  feet  long,  giving  a  fall  at  the  mill 
of  10  feet.    The  pond  covers  about  150  acres.    About  100  horsepower  is  reported  to 
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A     ROBEROEL  COTTON  MILLS   ON  HITCHCOCKS  CREEK  NEAR  ROCKINGHAM,  NORTH  CAROLINA. 
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lie  developed,  of  which  75  horsepower  is  used  all  the  year  round  except  for  a  few 
day.s.  when  high  water  iuterferes.  At  the  opposite  eud  of  the  dam  the  company  has 
a  corn  and  flour  mill. 

On  Fallinf?  Creek,  near  its  junction  with  Hitchcocks  Creek,  is  located  the  cotton 
mill  of  the  Great  Falls  Manufacturing  Company,  three-fourths  of  a  mile  above  the 
Midway  mill.  The  factory  contains  130  looms  and  4,512  spiudlcs,  all  operated  by 
water  power.  This  water  power  is  one  of  considerable  interest  on  account  of  the 
comparatively  large  amount  of  power  continuously  developed  by  the  small  sand-hill 
stream,  with  a  drainage  area  of  not  more  than  12  square  miles.  Where  the  dam  is 
now  located  there  was  originally  a  natural  fall  of  25  feet  over  the  bed  rock  which 
here  underlies  the  sand-hill  formation,  and  on  this  rock  has  been  built  a  dam  18  feet 
high  and  95  feet  long,  which  gives  a  fall  of  43  feet.  The  pond  has  an  area  of  10  to 
1.5  acres,  and  from  this  the  water  is  carried  to  the  wheels  through  an  iron  flume  75 
feet  long.  The  power  generated  in  ordinary  years  is  150  horsepower  throughout  the 
year,  the  mill  running  only  during  the  day,  so  that  even  in  the  driest  seasons  the 
pond  fills  up  at  night  and  supjilies  a  full  head  in  the  morning.  In  exceptionally  dry 
years  there  are  a  few  weeks  during  which  the  mill  can  not  run  on  full  time  with  all 
the  machinery.  The  storage  of  water  has  been  earned  to  a  greater  degree  of  efli- 
ciency  on  this  stream  than  on  any  other  sand-hill  stream  in  the  State.  Above  the 
pond  at  the  mill  three  earth  dams  have  been  built  across  the  stream  and  its  tribu- 
tary branch,  thus  producing  thiee  reservoirs,  one  of  10  to  15  acres  and  two  of  20  to 
30  acres  each,  all  three  from  5  to  6  feet  deep.  These  store  away  a  quantity  of  water, 
which  is  turned  out  from  time  to  time  when  needed  at  the  factory  in  dry  seasons. 

The  next  mo.st  important  tributary  for  jjovver  purposes  is  the  South  Yadkin.  The 
tirst  mill  on  the  stream  is  I  miles  from  its  mouth,  at  South  River  (Foard  &  Lind- 
say's), and  has  a  fall  of  6  feet,  with  a  dam  of  the  same  height  about  200  feet  long. 
About  30  horsepower  is  used,  but  the  available  power  is  much  greater.  The  dam 
backs  the  water  3  miles,  nearly  to  the  foot  of  the  next  shoal  above — Hairstons  Shoal. 

Hairstons  Shoal  is  the  most  important  one  on  the  river,  and  is  some  12  miles  from 
Salisbury  and  above  the  mouth  of  Third  Creek.  The  river  has,  with  a  dam  3^  feet 
high,  a  fall  of  about  15  to  16  feet  in  one-fourth  of  a  mile,  but  the  greatest  fall,  amount- 
ing to  13  or  14  feet  in  200  yards,  is  at  the  upper  end. 

Of  the  upper  tributaries  the  first  and  probably  the  largest  is  Ararat  River,  rising 
among  the  spurs  of  the  Blue  Ridge  Mountains  in  Patrick  County,  Virginia,  and 
draining  an  area  of  315  scjuare  miles.  There  are  a  number  of  good  powers  along 
its  course.  The  Hamburg  Cotton  Mill,  operating  1,000  spindles,  a  grist  and  flour 
mill,  and  machine  shops,  are  located  on  the  Ararat  River  about  25  miles  above  its 
mouth  and  one-half  mile  east  of  Mount  Airy.  The  wooden  dam  is  10  feet  high  and 
1.50  feet  long  aud  ponds  the  water  for  half  a  mile  up  the  river.  The  fall  at  the  mill 
is  14  feet,  and  the  entire  plant  uses  about  40  horsepower  all  the  year,  although  the 
stream  develojis  a  larger  amount.  At  Buck  Shoals,  2  miles  below  Mount  Airy 
and  23  miles  al)Ove  the  mouth  of  the  river,  is  a  saw  and  grist  mill,  with  a  dam  about 
6  feet  high  and  200  feet  long  and  a  fall  of  15  feet,  only  a  small  part  of  the  power  of 
which  is  utilized.  Two  miles  below,  at  Tumbling  Rock,  there  is  said  to  bo  a  nat- 
ural fall  of  10  feet.  At  Flat  Shoals  (Forge  Mills),  3  miles  farther  down  and  about 
IH  miles  from  the  mouth  of  the  river,  was  a  dam  about  350  feet  long  and  8  feet 
high,  which  gave  a  fall  of  24  feet,  aff'ording  what  was  said  to  be  an  excelhmt  power. 
On  StewartvS  Creek,  a  tributary  of  the  Ararat,  4  miles  above  where  it  joins  the  latter 
stream,  is  located  the  Laurel  Bluff  Cotton  Mill — a  small  factory  with  2,.5O0  spindles  and 
a^ri-stmill  attached.  There  isadam  11  feet  high  and  125 feet  long,  giving  a  fall  at  the 
mill  of  Ifi  feet,  which  it  is  claimed  furnishes  100  horsepower  nearly  all  the  time.  On 
Lovells  Creek,  another  tributary  of  the  Ararat,  about  3  miles  from  Mount  Airy,  are 
located  the  Alpine  Woolen  Mills,  which  operate  20  looms  and  432  spindles.  There 
isadam  150  feet  longand  5  feet  high,  giving  a  fall  of  8  feet.  Fishers  Riverand  Mitch- 
ells River  are  the  other  tributaries  of  the  Yadkin  in  Surry  County,  aud  on  both 
there  are  a  number  of  small  water  i)owers  available,  but  none  of  special  value  have 
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been  reported.  Both  rivers  rise  on  the  slopes  of  the  Blue  Ridge  and  flow  through 
a  region  that  is  largely  forest-clad  and  the  supply  of  water  is  but  little  affected  by 
the  dry  seasons. 

Elkin  Creek,  which  flows  for  the  greater  part  of  its  course  in  Wilkes  County, 
furnishes  power  at  Elkin  for  a  cotton  factory,  that  of  the  Elkin  Manufacturing 
Company,  which  contains  2,000  spindles  and  3  sets  of  cards.  From  a  fall  of  22  feet 
and  a  dam  about  100  feet  long  and  7  feet  high,  about  70  horsepower  is  realized  for 
nine  months  in  the  year  and  about  50  during  the  remaining  time,  when  the  water 
power  is  sujjplemented  by  steam  power.  About  one-half  mile  above  the  Elkin  Man- 
ufacturing Company's  mill  is  the  Elkin  Valley  mill,  which  consists  of  a  grist  and 
flour  mill,  a  shoe  factory,  and  a  tannery,  using  in  all  about  65  horsepower  during 
the  greater  part  of  the  year.  Water  is  ponded  by  means  of  a  wood  dam  13  feet  high 
and  126  feet  long,  which  gives  a  fall  of  18  feet  at  the  wheels.  This  site  was  until 
1894  occupied  by  the  woolen  mill  of  the  Chatham  Manufacturing  Company.  About 
Smiles  above  the  Elkin  Valley  mills  is  a  site  known  as  Carters  Falls,  which  is  an 
excellent  small  water  power  with  an  exceptionally  large  fall  in  a  short  distance. 

In  Wilkes  County  the  more  important  tributaries  of  the  Yadkin — Roaring  River, 
Rock  Creek,  Mulberry  River,  Reddies  River,  Lewis  Fork,  Stony  Fork,  and  Elk 
Creek — all  rise  on  the  slopes  of  the  Blue  Ridge  Mountains  and  flow  as  rapid  mountain 
streams  through  forest-covered  areas.  They  all  afford  numerous  small  powers,  large 
enough  and  constant  enough  to  run  small  factories,  sawmills,  gristmills,  and  flouring 
mills.  In  the  case  of  the  majority  of  these  streams  it  is  probable  that  near  their 
junction  with  the  Yadkin  they  afford  from  2  to  3  horsepower  per  foot  of  fall  in  dry 
seasons,  and  sites  can  be  found  that  may  be  developed  so  as  to  have  falls  of  20  to 
30  feet. 


Rating  table  for  Yadkin  River  at  Salisbury,  North  Carolina,  for  1897. 


Gage 
height. 

Discharge. 

Gage 
heignt. 

Discharge. 

Oage 
heignt. 

Discharge. 

Gage 
height. 

Discharge 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

1.0 

560 

3.2 

7,116 

5.4 

14,  860 

7.6 

22,  604 

1.2 

900 

3.4 

7, 820 

5.6 

15, 564 

7.8 

23,  308 

1.4 

1, 310 

3.6 

8, 524 

5.8 

16, 268 

8.0 

24,  012 

1.6 

1,  760 

3.8 

9, 228 

6.0 

16,  972 

8.5 

25,  772 

1.8 

2,  300 

4.0 

9, 932 

6.2 

17,  676 

9.0 

27,  532 

2.0 

2,920 

4.2 

10,  636 

6.4 

18,  380 

9.5 

29,  292 

2.2 

3,596 

4.4 

11,  340 

6.6 

19,  084 

10.0 

31,  052 

2.4 

4,  300 

4.6 

12,  044 

6.8 

19,  788 

10.5 

32, 812 

2.6 

5,004 

4.8 

12,  748 

7.0 

20,  492 

11.0 

34, 572 

2.8 

5,  708 

5.0 

13, 452 

7.2 

21, 196 

11.5 

36,  332 

3.0 

6,412 

5.2 

14, 156 

7.4 

21, 900 
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Estimated  monthly  discharge  of  Yadkin  River  at  Salisbury,  North  Carolina. 
[Drainage  area,  3,399  square  miles.] 


■ 

Discharge  in  second-feet. 

Run-off. 

Total  in  acre- 
feet. 

Second- 

Maxi 

Mini- 

Mean. 

Depth  in 

fee  t  per 

niiim 

mum. 

inches. 

square 

mile. 

1897. 

January   

12,  044 

2,  600 

4,039 

248,  350 

1.37 

1.19 

February   

34,  924 

4,  652 

11,  .597 

644,  065 

3. 45 

3. 41 

March  

25,068 

4,  652 

10,  522 

646,  970 

3. 58 

3. 10 

April  

31,  756 

3,  948 

7,  761 

461,  810 

2. 54 

2.28 

Mav  

14, 156 

3,  250 

5,  776 

355, 150 

1. 96 

1.70 

June  

19,  788 

2, 300 

•  5,652 

336,  320 

1.85 

1.66 

July  

11,  692 

2,  600 

4,  821 

296,  430 

1.  64 

1.42 

August  

5,708 

1,760 

2,  943 

180,  960 

1.00 

0. 87 

September  

3,  250 

900 

1,  785 

106,  215 

0. 59 

0.53 

25,  772 

900 

3,557 

218,  600 

1.21 

1.05 

7, 116 

900 

2,  708 

161, 140 

0. 89 

0.  80 

December  

5,  708 

2,300 

3,086 

189,  750 

1.05 

0.  91 

34,  924 

900 

5,354 

3,  845,  760 

21.13 

1.58 

Via.  47.— Discharge  of  Yadkin  River  at  Salisbury,  North  Carolina,  1897. 

The  following  table  gives  the  list  of  discharge  measurements  made 
on  Yadkin  River  at  Norwood,  North  Carolina.  The  principal  facts  are 
also  shown  in  the  accompanying  figure  (tig.  48),  in  which  vertical  dis- 
tances represent  the  height  of  water  on  the  gage  and  horizontal  distances 
the  (piantity  of  (li.scluirgc.  The  plotted  i)oints  obtained  by  measure- 
ment are  shown  by  the  small  circles,  which  are  numbered  to  correspond 
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with  the  figures  in  the  left-hand  columu  of  the  table.  Near,  or  through 
these,  is  drawu  a  smooth  curve,  from  which  the  values  for  the  rating 
table  have  been  obtained. 

List  of  discharge  measurements  made  on  Yadkin  River  at  Norwood,  North  Carolina. 


No. 

Date. 

Hydrographer. 

1896. 

1 

Sept.  1  .. 

E.W.Myers... 

2 

Sept.  15. 

 do  

1897. 

3 

Feb. 10 

 do  

4 

Mar.  21 

 do  

5 

Aug.  4 . .  . 

 do  

6 

Oct.  6 

 do  

7 

Oct.  25  .. 

A.  P.  Davis  

1898. 

a8 

Jan. 16 . . 

E.  W.  Myers  . . . 

9 

Mar.  31.. 

 do  

Meter 
number. 


2154 
2154 

2154 
2154 
2154 
2154 
94 

2154 
2154 


Gage 
height- 


Feet. 
1.00 
1.34 

3.32 
3. 80 
1,65 
1.00 
1.48 

1.63 
5.75 


Area  of 
section. 


Square 
feet. 

1,859 

2,  211 

3,  779 

4,  517 
2,544 
1,821 
2, 152 

2,  474 
6. 465 


Mean 
velocity. 


Feet  per 
second. 

0.82 

0.92 


2. 54 
2.  59 
1.  33 
0. 82 
1. 26 

1. 22 
3.84 


Discharge. 


Second-feet. 
1, 537 
2,036 

9,  607 
11,  710 
3,  392 
1, 508 
2,715 

3,041 
24, 825 


a  Not  plotted. 


Feet 

5 


o 

o 
o 

o" 


o 
o 
o 


Flu.  48. — Kating  curve  for  Norwood  station,  on  Yadkin  Kiver,  North  Carolina. 
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Eating  table  for  Yadkin  Bii  er  at  Norwood,  North  Carolina,  for  1897. 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

0.7 

1,  250 

2.6 

6,  960 

4.8 

18,000 

7.0 

34,  060 

0.8 

1,310 

2.8 

7,  720 

5.0 

19,  460 

7.2 

35, 520 

0.9 

1,380 

3.0 

8,480 

5.2 

20, 920 

7.4 

36,  980 

1.0 

1.480 

3.2 

9, 240 

5.4 

22,  380 

7.6 

38,  440 

1.2 

1,  820 

3.4 

10,000 

5.6 

23, 840 

7.8 

39,  900 

1.4 

2, 400 

3.6 

10,  860 

5.8 

25,  300 

8.0 

41,  360 

1.6 

3, 160  ' 

3.8 

11.800 

6.0 

26,  760 

8.2 

42,  820 

1.8 

3,  920 

4.0 

12,  800 

6.2 

28,  220 

8.4 

44,  280 

2.0 

4,680 

4.2 

13,  800 

6.4 

29,  680 

8.6 

45,  740 

2.2 

5, 440  1 

4.4 

15,100  1 

6.6 

31, 140 

8.8 

47,  200 

2.4 

6,200 

i 

4.6 

16, 540  ! 

6.8 

32,  600 

9.0 

48,  660 

Estimated  monthly  discharge  of  Tadkin  Jtiver  at  Norwood,  North  Carolina. 
[Drainage  area,  4,614  square  miles.] 


Discharge  in  second-feet. 

Run-off. 

Month. 

Total  in  acre- 

Second- 

Maxi- 

Mini- 

Mean. 

feet. 

Depth  in 

feet  per 

mum. 

mum. 

inches. 

square 

mile. 

1897. 

.Tanuary  

15,  810 

2,780 

4, 880 

300,  060 

1.22 

1.06 

February   

50, 120 

4,  300 

13,  760 

764, 190 

3. 10 

2.98 

March  

33,  330 

5, 440 

13,  017 

800,  385 

3. 25 

2.82 

April  

45, 010 

5,060 

9,  755 

580,  465 

2.35 

2. 11 

May  

14,  400 

4,300 

6,388 

392,  785 

1.59 

1.38 

14,  400 

3, 160 

5, 397 

321,  145 

1.31 

1,17 

July  

15,  810 

2,  400 

5, 495 

337,  875 

1.37 

1.19 

August  

6,  580 

2,400 

3,  712 

228,  240 

0.  93 

0. 81 

September  

2,  780 

1,  310 

1,  774 

105,  560 

0.43 

0.  38 

October  

11.  800 

1,480 

2,999 

184,  400 

0. 75 

0.65 

8,  480 

1,820 

2,973 

176,  910 

0.71 

0. 64 

December  

7,  340 

2,080 

4, 171 

256, 465 

1.04 

0. 90 

The  year  

50, 120 

1,  310 

6,193 

4,  448,  480 

18.  05 

1.34 

I 


204 


PROGRESS  OF  STREAM  MEASUREMENTS  FOR  1897. 


Sec.-tt. 

24, 000 
22,  ODD 
20, 000 
18, 000 
16, 000 
14, 000 
12, 000 
10, 000 
8, 000 
6, 000 
4, 000 
2, 000 
Ol 


JAN 
10  20 

FEB 
10  20 

MARCH 

10  20 

APRIL 
10  20 

MAY 
10  20 

JUNE 
10  20 

JULY 
10  20 

AUG 
10  20 

SEt>T 
10  20 

OCT 
10  20 

NOV 
10  20 

DEC 
10  20 

a 
o 

^. 

o 
>> 

> 

'i 

Cl 

«> 

■>) 

r> 

> 
> 

"i 

\ 

tl 

■ 

1 

1^ 

i 

1 

j 

1 

11  II 

n 

1 

li 

! 

1 

1 

1 

1 

1  r 

1 

1 

1 

i 

■ 

1 

1 

1 

II 

III 

III 

Fig.  49.— Discharge  of  Yadkin  River  at  Norwood,  North  Carolina,  1897. 
SANTEE  RIVER. 

San  tee  River  is  formed  by  the  junction  of  Wateree  and  Cougaree 
rivers  in  South  Carolina.  The  former  stream  is  known  by  the  name  of 
Catawba  Eiver  through  North  Carolina,  while  the  latter  is  formed  at 
Columbia  by  the  confluence  of  the  Broad  and  Saluda  rivers.  The 
head  waters  are  in  the  Blue  Ridge  in  the  western  part  of  the  State, 
adjoining  the  tributaries  of  the  Yadkin  on  the  northeast  and  of  the 
Tennessee  on  the  west.  In  the  following  pages  are  described  the  i^rin- 
cipal  water  powers  along  these  streams  and  their  tributaries. 

Gaging  stations  are  being  maintained  on  the  Catawba  at  Catawba, 
ISTorth  Carolina,  and  at  Rock  Hill,  South  Carolina;  on  the  Broad  at 
Alston,  South  Carolina  and  at  Gaffney,  South  Carolina;  on  the  Saluda 
at  Waterloo,  South  Carolina.  They  are  described  in  Water-Supply 
and  Irrigation  Paper  No.  15,  pp.  34-38.  In  the  following  pages  appear 
rating  tables  aud  estimated  monthly  discharges  for  1897  for  these 
stations,  with  the  exception  of  Alston  and  Waterloo,  where  there  were 
not  sufficient  discharge  measurements  on  which  to  base  rating  tables. 

CATAWBA  RIVER. 

Catawba  River,  or  Wateree,  as  it  is  known  in  its  lower  reaches,  rises 
on  the  eastern  slope  of  the  Blue  Ridge  Mountains,  in  McDowell  County, 
North  Carolina,  and  joins  with  the  Congaree  a  short  distance  below 
Columbia,  at  the  most  southerly  point  of  Richland  County,  South  Caro- 
lina. The  stream  is  navigable  for  shallow  boats  as  high  as  Camden. 
A  short  distance  above  this  point  begin  a  series  of  rapids  and  shoals 
which  are  found  at  intervals  and  characterize  the  uj)per  portion  of  the 
river. 
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The  fall  line  on  the  river  occurs  about  5  miles  above  Camden,  where 
there  is  a  shoal  which  has  an  aggregate  fall  of  52  feet  in  a  distance  of 
a  little  less  than  5  miles.  At  about  the  end  of  the  first  quarter  of  the 
present  century  the  river  at  this  point  was  made  navigable  by  the 
State,  the  fall  being  overcome  by  a  canal  5  miles  in  length  with  a 
series  of  locks.  In  the  Tenth  Census  report  on  the  water  powers  of 
the  southern  Atlantic  watershed.  Professor  Swain  describes  this  devel- 
opment as  follows :  ^ 

The  canal  is  on  the  west  side  of  the  river,  which  it  leaves  just  below  a  rocky  bluif, 
firom  which  a  tlam  extends  out  into  the  river.  This  old  dam  is  entirely  gone,  and  I 
could  not  ascertain  what  its  height  had  been ;  but  the  full  for  tlie  nest  milo  above 
is  probably  10  or  12  feet,  according  to  the  pocket  level,  although  the  stream  is  not 
rocky  except  for  a  few  hundred  feet.  The  canal  had  a  guard  lock  about  a  quarter 
of  a  mile  from  its  head,  and  below  that  it  passes  through  nearly  level  or  gently 
rolling  bottom  lands,  and  is  now  entirely  overgrown  with  underbrush  and  filled  up 
with  deposits  of  all  kinds,  so  that  in  places  the  stieam  is  scarcely  discernible.  It 
retreats  some  distance  from  the  river,  the  Tiottom  between  them  being  on  the  average 
several  hundred  yards  wide,  and  parts  of  it  are  subject  to  overflow  in  times  of  high 
water.  Near  the  foot  of  the  canal  is  a  flight  of  three  locks,  and  a  little  farther 
down  the  canal  passes  out  into  Sawneys  Creek  by  an  outlet  lock.  I  was  unable  to 
find  the  sixth  lock  mentioned  by  Mills.  The  principal  part  of  the  fall  in  the  river 
occurs  near  the  lower  end,  or  about  two-thirds  of  the  distance  from  the  head,  and 
is  utilized  for  a  small  gristmill,  with  two  pairs  of  stones,  by  means  of  a  rough  wing 
dam  and  a  race  a  ((uarter  of  a  mile  long,  affording  a  fall  of  6  or  7  feet  and  a  fall  to 
the  tailrace  suflicient  to  avoid  the  trouble  occasioned  by  ordinary  rises  of  the  water. 
In  a  distance  of  rather  over  a  mile,  from  a  little  above  the  head  of  the  race  leading 
to  the  gristmill,  the  fall,  as  ascertained  by  the  pocket  level,  is  in  the  neighborhood 
of  20  feet.  Above  this  the  bottom  bordering  the  river  is  subject  to  overflow  to  a 
considerable  extent,  while  below  it  is  only  occasionally  flooded.  Below  the  mill, 
too,  the  bottom  becomes  narrower,  and  is  more  undulating  than  above.  As  regards 
the  most  advantageous  method  of  utilizing  the  power  my  examination  was  too 
superficial  to  permit  of  any  definite  conclusion  being  reached.  To  clear  the  old 
canal  out  would  require  considerable  work,  although  of  an  easy  kind.  The  capacity 
of  the  canal,  too,  could  be  easily  enlarged  if  it  were  considered  desirable  to  utilize 
the  entire  power,  which  might  be  done  by  locating  the  mill  at  the  lower  flight  of 
locks,  where,  if  we  accept  Mills's  statement,  a  fall  of  some  50  feet  could  bo  obtained; 
and  the  location  here  is  probably  as  safe  and  as  favorable  as  anywhere  along  the 
canal. 

The  Great  Falls  of  the  Catawba,  about  30  miles  above  the  Wateree 
Canal,  represent  the  most  important  water  power  on  the  river.  There 
is  here  a  fall  of  173  feet  in  a  distance  of  8  miles,  which  would  yield  a 
total  horsepower,  according  to  Swain,^  of  from  5,000  to  10,000  horse- 
power in  low-water  seasons.  The  State  of  South  Carolina  endeavored 
to  render  this  part  of  the  river  navigable  by  the  construction  of  canals 
and  locks  early  in  the  present  century.  These  development  works  are 
described  by  Swain  as  follows: ' 

The  navigation  works  planned  were  very  extensive.  In  ascending  the  river  the 
course  of  the  canal  is  as  follows:  Leaving  the  river  about  opposite  Rocky  Mount,  on 


'  Report  on  the  water  power  of  the  Southern  Atlantic  watershed :  Tenth  Censns,  Vol.  XVI,  Part  I, 
p.  751. 

'Ibid.,  p.75C.  'Ibid.,  11.752. 
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the  west  side,  it  rises  to  the  level  of  the  bottom  (which  borders  the  river  at  this 
place)  by  a  flight  of  two  locks,  aggregating  about  18  feet  lift,  crosses  the  bottom, 
and  after  passing  around  a  steep  and  rocky  bluff,  at  which  place  it  was  necessary  to 
build  the  outer  wall  of  the  canal  of  solid  masonry  for  a  distance  of  half  a  mile  or 
thereabout,  within  which  distance  occurs  one  intermediate  lock,  with  a  lift  of  about 
9  feet,  it  debouches  into  Rocky  Creek,  a  small  stream  which  flows  into  the  Catawba 
at  a  point  in  the  neighborhood  of  a  half  or  a  quarter  of  a  mile  above  its  mouth, 
opening  into  it  by  a  guard  lock,  with  a  lift  of  about  8  feet,  situated  at  one  end  of  a 
wooden  dam,  which  extended  across  the  creek,  Ijacking  up  the  water,  with  a  navi- 
gable depth,  to  a  distance  of  about  a  mile.  The  first  canal  is  about  a  mile  in  length, 
and  has  a  total  rise,  according  to  what  has  been  said,  of  aboiit  35  feet  from  low 
water  in  the  Catawba  at  the  outlet  lock  to  the  crest  of  the  dam  across  Rocky  Creek. 
Between  the  canal  and  the  river  is  a  bottom,  in  which  the  lower  part  of  the  canal 
itself  lies,  and  which  is  subject  to  overflow  in  times  of  freshet.  It  was  probably  on 
this  account  that  the  canal  was  carried  so  closely  around  the  blulf.  In  fact,  this 
part  of  the  river,  just  below  the  principal  fall,  is  subject  to  large  rises,  much  larger 
than  within  the  next  few  miles  above,  where  the  declivity  is  great,  and  down  which 
the  water  rushes  so  rapidly  that  the  smaller  declivity  below  is  insufficient  to  carry  it 
off  without  a  considerable  rise.  This  part  of  the  canal,  as  well  as  that  above,  is  so  over- 
grown with  brush  and  by  trees  of  half  a  century's  growth  that  its  original  dimen- 
sions can  not  be  accurately  determined.  The  lock  chambers  are  about  70  feet  by  10 
feet,  and  the  canal  was  perhaps  20  or  25  feet  wide  at  the  top  and  3  or  4  feet  deep. 
The  dam  across  Rocky  Creek  was  probably  about  12  or  13  feet  high,  and  its  pool,  as 
before  mentioned,  was  navigable  for  about  a  mile,  at  which  point  the  second  portion 
of  the  canal  commenced,  leaving  the  river  by  a  flight  of  four  locks,  with  together  32 
feet  lift,  by  which  it  rises  to  the  level  of  a  narrow  valley  running  about  parallel 
with  the  Catawba,  but  separated  from  it  by  a  ridge.  Along  the  side  of  this  valley, 
out  of  sight  of  the  Catawba,  although  the  latter  is  only  a  quarter  of  a  mile  distant, 
and  with  a  ridge  nearly  a  hundred  feet  high  between  them,  passes  the  canal  for  a 
distance  of  about  2  miles,  at  the  end  of  which  the  valley  that  it  has  been  following 
opens  out  into  the  river,  but  at  an  elevation  above  it  of  20  or  30  feet,  having  gradu- 
ally become  narrower  as  the  river  was  approached,  and  at  its  upper  end  being  very 
little  more  than  wide  enough  to  carry  the  canal  without  cutting  into  the  hillsides. 
"Within  this  2  miles,  from  the  point  where  it  leaves  Rocky  Creek  till  it  again  reaches 
the  river,  the  canal  has,  in  addition  to  the  four  locks  already  mentioned,  two  flights 
of  locks,  one  with  four  locks,  aggregating  36  feet  lift,  and  another  with  three  Jocks, 
and  in  all  27  feet  lift,  as  far  as  could  be  ascertained.  Both  of  these  flights  of  locks 
are  situated  in  the  lower  part  of  the  valley  followed  by  the  canal,  and  at  points 
where  it  is  several  hundred  yards  wide. 

The  ridge  between  the  river  and  the  canal  is  interrupted  at  a  point  about  a  quar- 
ter of  a  mile  below  where  the  canal  again  comes  in  sight  of  the  river  by  a  narrow 
ravine,  which  retreats  down  to  the  river,  and  is  not  over  100  feet  wide.  From  the 
point  where  the  canal  reaches  the  bank  of  the  river  it  proceeds  about  a  mile  farther, 
first  skirting  the  face  of  a  steep  and  rocky  bluff,  and  then  across  a  bottom,  and  after 
rising  about  9  feet,  by  a  lock  situated  in  the  latter,  it  opens  into  the  river  by  a 
guard  lock  and  a  dam,  which  seems  to  have  extended  across  to  an  island,  backing  up 
the  water  between  it  and  the  right  bank  of  the  river,  as  well  as  some  distance  up 
Fishing  Creek,  which  enters  a  short  distance  above,  and  enabling  boats  to  pass  out 
into  the  river,  up  between  the  island  and  the  shore,  and  up  Fishing  Creek,  juat  as 
they  did  below  up  Rocky  Creek.  The  third  portion  of  the  canal,  which  I  did  not 
have  an  opportunity  to  examine,  leaves  Fishing  Creek  at  a  point  a  mile  or  so  from 
its  mouth  (according  to  the  map),  and  after  a  length  of  a  mile  or  a  mile  and  a  half, 
in  which  distance,  according  to.  Mills,  the  fall  is  56  feet,  opens  into  the  river  again, 
which  is  navigable  from  this  point  to  Landsford,  a  distance  of  12  miles  or  thereabout. 
As  regards  the  river  itself,  its  fall  in  a  distance  of  a  mile  and  a  half  or  thereabout, 
down  to  the  point  where  the  second  portion  of  the  canal  passes  in  behind  the  ridge. 
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as  ascertained  by  the  pocket  level,  is  about  35  or  40  feet.  At  this  point  there  was 
formerly  ii  small  mill.  Below  this  the  river  is  narrower,  and  the  water  rushes  with 
great  velocity  between  steep,  rocky,  and  almost  vertical  banks,  falling  about  25  feet 
in  less  than  a  quarter  of  a  mile,  down  to  the  month  of  the  ravine  already  referred  to 
as  running  up  to  the  canal,  making  a  total  fall  to  this  place  from  a  point  not  far  from 
the  head  of  the  second  portion  of  the  canal  of,  say,  60  feet  in  a  distance  of  about 
one  and  a  half  miles.  Just  below  the  ravine  was  located  a  cotton  factory,  using  a 
fall  of  some  5  to  7  feet,  with  a  wing  dam,  and  built  almost  over  the  water.  The 
banks  in  this  portion  of  the  river  are  so  steep  and  rocky  as  to  preclude  the  construc- 
tion of  a  canal  or  of  extensive  buildings,  at  least  on  the  west  side  of  the  river.  The 
cotton  factory  was  a  small  building,  not  more  than  50  by  25  feet.  From  the  mouth 
of  the  ravine  the  river  falls  about  30  feet  in  the  next  quarter  of  a  mile,  making  nearly 
100  feet  in  about  2  miles.  These  are  the  Great  Falls  of  the  Catawba.  The  total  fall  is 
stated  to  be  173  feet  in  8  miles.'  The  largest  fall  in  a  short  distance  occurs  between 
the  old  mill  site  and  the  ravine,  the  river  at  this  point  being  not  over  150  feet  wide, 
while  its  average  width  for  half  a  mile  is  not  over  200  feet,  perhaps,  and  at  the  nar- 
rowest part  it  rushes  with  tremendous  force  over  its  rocky  bed — a  sheet  of  foam, 
falling  some  10  or  15  feet  in  l.')0  or  200  feet. 

The  enormous  power  at  this  place  is  entirely  unutilized  at  present,  but  a  consider- 
able portion  of  it  could  be  rendered  available  without  much  difficulty,  I  think,  in 
various  ways.  I  have  already  mentioned  the  fact  that  except  for  small  falls  and 
sn)all  buildings  there  is  no  opportunity  for  the  utilization  of  power  along  that  part 
of  the  river  opposite  the  second  portion  of  the  canal.  A  building  nught  be  erected 
on  the  site  of  the  old  factory  and  a  fall  of  10  feet  obtained  with  ease,  but  [there  is] 
only  room  fur  a  small  building.  It  may  be  mentioned  that  the  dwellings  of  the  fac- 
tory operatives  were  on  the  top  of  the  ridge  between  the  river  and  the  can:il.  But 
any  scheme  for  the  extensive  utilization  of  the  i)ower  must,  I  think,  include  the  use 
of  the  old  canal,  and  in  this  respect  various  metiiods  may  be  employed,  as  follows : 

1st.  By  rebuild! ug  the  dam  at  the  head  of  the  second  portion  of  the  canal,  raising 
that  portion  of  the  canal  below  the  first  lock  and  locating  the  mills  in  or  near  the 
ravine  already  described,  discharging  the  water  through  the  same  into  the  river,  a 
fall  of  at  least  50  feet  could  be  obtained,  necessitating,  however,  considerable  work 
in  cutting  out  the  ravine  for  a  tailrace,  and  with  poor  building  facilities.  The 
quantity  of  water  will  vary,  of  course,  according  to  the  dimensions  given  to  the 
canal.  If  the  canal  is  not  raised  to  the  level  of  the  former  dam,  or  nearly  so,  but 
is  left  at  the  ravine,  as  it  was  originally,  the  fall  available  Tvill  be  at  least  30  or  35 
feet. 

2d.  At  any  or  all  of  th<!  three  lliglits  of  locks  mentioned  above  Kocky  ('reek  the 
facilities  for  utilizing  a  large  power  are  very  good,  there  being  ample  building  room, 
and  the  water  being  discharged  into  Rocky  Creek.  This  is,  in  my  opinion,  the  best 
way  of  utilizing  the  power.  The  available  fall  of  all  three  flights  is  95  feet,  and  the 
fall  of  Rocky  (.'reek  would  doubtless  prevent  any  danger  whatever  from  freshets  or 
any  trouble  from  backwater;  of  course  there  would  be  no  trouble  with  ice.  If  the 
level  of  the  canal  were  raised,  so  that  it  r;in  (Tiearly)  hivel  from  its  head  to  these 
flights  of  locks,  the  available  fall  would  be  increased  to  about  110  feet. 

3d.  As  regards  the  power  on  the  first  (lowest)  portion  of  the  canal,  below  Rocky 
Creek,  the  total  amount  of  water  brought  through  the  second  portion,  together  with 
the  entire  flow  of  Rocky  (Jreck,  could  be  turned  into  the  canal,  provided  it  were  of 
sufficient  capacity  and  utilized  lower  on  the  stream.  By  raising  that  portion  of  the 
canal  below  the  first  lock,  an  available  fall  of  about  30  or  35  feet  could  be  secured  at 
the  lower  end;  but  as  this  whole  bottom,  through  which  the  canal  passes,  is  subject 
to  overflow,  the  faciIiti(!S  for  building  arc  not  so  good  as  in  the  last  case.  .Still,  there 
is  no  reason  why  this  fall  could  not  be  utilized,  if  desired.  This  site  would  sufler 
also  more  trouble  with  backwater  than  the  last  one  described,  which  would  be,  in 
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fact,  almost  absolutely  free  from  it.  Summing  up  the  lifts  of  all  the  locks  in  the 
first  and  second  portions  of  the  canal,  we  see  that  the  total  fall  is  130  feet  and  over, 
as  follows : 

Feet. 

One  guard  lock  at  upper  end  of  second  portion,  lift,  say   — 


One  lock  half  a  mile  below,  lift,  say   9 

Flight  of  3  locks,  9  feet  each,  behind  ridge,  lift,  say   27 

Flight  of  4  locks,  9  feet  each,  behind  ridge,  lift,  say   36 

Flight  of  4  locks,  8  feet  each,  behind  ridge,  lift,  say   32 

Guard  lock  at  head  of  first  portion  (lowest),  lift,  say   — 

Lock,  half  a  mile  below,  close  to  bluff,  lift,  say   9 

Two  locks,  outlet  to  river,  9  feet  each,  lift,  say   18 


Total   131+ 


The  followiug  facts  are  from  a  report  prepared  by  Prof.  J.  A.  Holmes: 
LaDdford  IShoal,  12  or  15  miles  above  Great  Falls,  is  the  next  unutil- 
ized power  of  importance.  There  is  said  to  be  here  a  fall  of  40  feet  in 
a  distance  of  2  miles.  At  this  point  there  was  built  by  the  State  of 
South  Carolina  a  canal  nearly  2  miles  long,  with  one  guard  lock  and 
four  lift  locks  with  a  total  lift  of  about  35  feet.  With  a  good  dam  at 
the  head  of  the  canal  it  is  estimated  that  a  fall  of  40  feet  could  be 
obtained.  Between  Landford  and  the  North  Carolina  line,  a  distance  of 
from  25  to  30  miles,  there  are  no  shoals  or  developments  of  importance. 

Near  the  State  line  there  are  several  shoals  with  falls  of  from  3  to  5 
feet,  some  of  which  have  been  used  to  a  limited  extent,  but  there  is  so 
often  trouble  from  high  water  that  these  sites  are  unsuitable  for  fac- 
tories. At  Eoss  Falls,  located  a  short  distance  above  the  State  line, 
there  is  said  to  be  a  fall  of  8.1  feet  in  a  distance  of  0.9  mile.  At  Rock 
Island  Shoal  is  now  located,  on  the  Mecklenburg  side  of  the  river,  a 
grist  and  saw  mill.  There  is  a  wing  dam  about  350  feet  long  and  5  feet 
high,  which  gives  a  fall  at  the  mill  of  about  9  feet,  and  the  power  used 
is  about  60  horsepower.  The  Eock  Island  Woolen  Mill  was  formerly 
located  here. 

The  Tuckaseegee  Shoal,  about  9  miles  above  the  State  line  and  1  mile 
below  the  Carolina  Central  Eailroad  crossing,  iz  a  water  power  of  con- 
siderable importance,  which  has  been  more  largely  developed  than  the 
powers  below.  The  natural  fall  here  is  said  to  be  11.22  feet  in  a  dis- 
tance of  1.02  miles.  The  Tuckaseegee  Manufacturing  Company's  cot- 
ton mill,  located  on  the  Gaston  or  west  side  of  the  shoal,  contains  55 
cards  and  0,000  spindles,  and  used  water  jiower  aggregating  150  horse- 
power. There  is  a  wooden  wing  dam  about  200  feet  long,  giving  a  fall 
of  11  feet  at  the  mill.  There  is  never  any  trouble  from  lack  of  water, 
but  high  water  interferes  with  the  running  of  the  mill  on  an  average 
of  six  days  in  the  year. 

The  fourth  large  power  on  the  Catawba  is  at  Mountain  Island  Shoal, 
about  3  miles  above  the  railroad  and  above  the  mouth  of  Dutchmans 
Creek.  The  fall  in  the  river  between  a  point  1  mile  above  the  factory, 
or  a  little  above  the  head  of  the  shoal,  and  the  railroad  bridge  below 
is  38  feet,  but  of  this  fall  nearly  30  feet  occurs  in  the  c(mrse  of  1  mile 
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Dear  the  factory.  The  bed  nf  the  river  is  rock,  the  banks  on  the  east 
side  are  very  steep,  while  those  on  the  west  are  shelving  and  very 
favorable  for  building,  as  they  are  free  from  danger  at  high  water. 
The  power  is  utilized  to  a  small  extent  by  the  cotton  factory  of  the 
Catawba  Electric  Power  Company,  which  contains  6,300  spindles,  100 
looms,  and  48  cards.  At  the  head  of  the  shoal  there  are  three  small 
islands  near  the  right  bank,  with  a  distance  of  only  a  few  feet  between 
them  and  the  shore,  forming  a  natural  canal.  The  water  of  the  canal 
is  all  that  is  used  by  the  factory,  as  there  is  no  milldam  at  the  head  of 
the  islands  except  a  wing  dam  of  wood,  300  feet  long  and  4  feet  high, 
which  turns  the  water  into  this  "race."  There  are  also  three  slough 
dams,  connecting  the  islands  with  each  other  and  the  lowest  with  the 
shore,  the  first  two  of  which  are  of  rough  stone  and  the  third  of  crib 
work,  about  40  feet  long  and  8  feet  high.  From  the  foot  of  the  lowest 
island  an  artificial  race  leads  to  the  factory.  This  race  is  600  feet  long, 
and  the  fall  of  water  at  the  factory  is  22  feet,  from  which  about  190 
horsepower  is  obtained.  In  addition  to  the  above  there  is  a  sawmill, 
a  gristmill,  and  a  cotton  gin,  using  together  some  50  or  60  horsepower 
with  a  fall  of  15  to  16  feet.  The  total  distance  between  the  factory  and 
the  head  of  the  small  islands  referred  to  is  about  three-fourths  of  a 
mile,  and  the  fall  down  to  the  factory  is  in  the  neighborhood  of  26  feet. 
The  whole  of  this  power  is  easily  available  on  the  west  bank,  with 
good  facilities  for  buildings  and  canals. 

Of  the  shoals  above  Mountain  Island  but  few  have  been  utilized,  and 
these  to  a  small  extent. 

The  first  important  shoal  above  Mountain  Island  is  the  Cowan  Ford 
Shoal,  where  the  fall  is  27.25  feet  in  a  distance  of  4.17  miles.  This 
place  is  24  miles  above  the  State  line. 

Beatties  Ford  Shoal  is  about  6  miles  farther  up  the  river  and  about 
34  miles  above  the  State  line.  The  power  is  reported  to  be  a  good  one. 
It  has  a  fall  of  13  feet  in  2.38  miles,  and  8  feet  of  this  fall  is  said  to 
occur  in  1,000  feet,  where  the  stream  has  a  width  of  about  100  yards 
and  a  rock  bottom  suitable  for  the  foundation  of  a  dam. 

I'ifty  miles  above  the  State  line,  2  miles  above  Sherrills  Ford,  and  2 
miles  below  the  Buffalo  Shoal  is  the  first  of  the  shoals  above  Mountain 
Island  which  is  now  utilized'  to  any  extent.  The  cotton  mill  of  the 
^lonbo  Manufacturing  Company,  which  operates  7  cards,  43  looms,  and 
1,600  spindles,  is  located  on  the  west  bank  of  the  river,  which  is  at 
this  point  about  one  fourth  of  a  mile  wide  and  divided  by  islands.  From 
the  MouIk)  mill  a  dam  225  feet  long  and  4  feet  high  extends  axToss  a 
division  of  the  l  iver  to  Goat  Island,  and  thence  a  wing  dam  2  leet  high 
extends  up  tlie  river  800  feet  to  the  lower  end  of  Long  Island.  Tiiis 
wing  (lam  and  island  divide  the  river  into  two  parts;  the  western  por- 
tion furnishes  power  for  the  Monbo  mill,  the  eastern  remains  as  yet 
undeveloped.  At  the  Monbo  mill  tliere  is  6  feet  of  fiill,  allording  about 
60  horsepower;  only  a  siiuill  part  of  the  power  available  is  now  used. 
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The  Long  Island  Cotton  Mill  is  located  about  1  mile  above  the  Moubo 
mill,  on  the  west  bank  of  the  river.  It  derives  its  power  from  a  shoal 
in  that  part  of  the  river  between  Long  Island  and  the  west  bank.  The 
mill  contains  10  sets  of  cards  and  3,000  spindles,  using  about  60  horse- 
power, a  small  part  of  the  power  available.  The  dam  is  about  300  feet 
long,  extending  from  the  west  bank  to  Long  Island,  and  is  from  3  to  6 
feet  high,  giving  a  fell  of  water  at  the  mill  of  6.5  feet.  Buffalo  Shoal, 
about  2  miles  above  the  Long  Island  Shoal  and  about  55  miles  above 
the  State  line,  has  a  fall  of  about  11.4  feet  in  a  little  more  than  half  a 
mile.  About  7  miles  above  Buffalo  Shoal  and  a  less  distance  above 
the  railroad  there  is  a  shoal  with  a  fall  of  9.7  feet  in  a  distance  of  2.18 
miles,  and  2  miles  higher  up  the  river  is  another  shoal  with  a  fall  of 
8.5  feet  in  a  distance  of  1.32  miles. 

Sixty -five  miles  above  the  State  line  is  Lookout  Shoal,  which  has  the 
largest  fall  of  all  the  shoals  on  the  river  in  Korth  Carolina,  the  fall  being 
54.25  feet  in  a  distance  of  3.2  miles.  About  30  feet  of  this  fall  is  said  to 
occur  in  three-fourths  of  a  mile,  at  a  place  where  the  river  has  a  width  of 
about  900  feet.  The  bed  is  of  rock,  and  it  is  said  that  an  abundance  of 
stone  for  building,  and  good  factory  sites,  are  to  be  found  on  both  sides 
of"  the  river.  This  jjower  is  only  6  miles  from  the  Western  l^orth  Car- 
olina Railroad  at  Catawba  station.  About  IJ  miles  above  the  head  of 
Lookout  Shoal,  and  65  miles  above  the  State  line,  between  the  ujiper 
end  of  Druin  Island  and  the  lower  end  of  Three  Cornered  Island,  is  a 
shoal  with  a  fall  of  9.7  feet  in  a  distance  of  1.16  miles.  Between  the 
upper  end  of  this  shoal  and  the  mouth  of  Lower  Little  Eiver  are  small 
shoals  having  a  fall  of  3.36  feet  in  a  distance  of  nearly  1  mile.  Canoe 
Landing  Shoal,  about  2  miles  above  the  mouth  of  Lower  Little  Eiver 
and  73  miles  above  the  State  line,  has  a  fall  of  8.94  feet  in  a  distance 
of  1.87  miles.  Great  Falls  Shoal,  immediately  above  the  Canoe  Land- 
ing Shoal  and  75  miles  above  the  State  line,  possesses  a  fall'of  14.83  feet 
in  a  distance  of  1.02  miles.  These  two  shoals  have  a  total  fall  of  23.76 
feet  in  a  distance  of  2.89  miles.  It  may  be  possible  to  develop  the  two 
together  into  one  fine  power,  but  the  cost  and  practicability  of  this  can 
only  be  determined  by  careful  survey. 

Horse  Ford  Shoal,  10  miles  above  Great  Falls,  3  miles  north  of  Hick- 
ory, and  85  miles  above  the  State  line,  has  a  fall  of  31.4  feet  in  a  dis- 
tance of  2.9  miles.  The  power  is  being  utilized  to  a  limited  extent  only. 
On  the  upper  part  of  the  shoal  a  fall  of  6  feet  is  being  used  to  run  the 
Catawba  Lumber  Mills;  and  on  the  middle  portion  of  the  shoal  are 
located  the  Horse  Ford  sawmill  and  gristmill,  the  latter  with  three  run 
of  stones,  using  from  25  to  30  horsepower.  This  is  undoubtedly  one  of 
the  largest  and  most  accessible  water  powers  of  the  upper  Catawba 
river.  Devils  Shoal,  the  lower  end  of  which  is  0  miles  above  the 
Horse  Ford  Shoal  and  91  miles  above  the  State  line,  has  a  fall  of  13.78 
feet  in  a  distance  of  1.01  miles,  and  is  said  to  be  a  fine  location.  Eocky 
Ford  Shoal  at  Morganton,  about  20  miles  above  Devils  Shoal  and  102 
miles  above  the  State  line,  has  a  natural  fall  of  9.5  feet  in  a  distance  of 
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1,500  feet.  This  power  was  formerly  used  by  a  gristmill,  and  there  was 
a  dam  l'  feet  hijjh  and  400  feet  long,  giving  a  fall  of  11.5  feet  at  the 
mill.  The  wheel  gave  some  GO  to  70  horsepower  with  water  wasting  all 
the  time.    The  mill  is  not  now  in  use. 

The  lirst  of  the  tributaries  of  this  river '  that  has  much  developed  power  is  the 
South  Fork,  which  joins  the  main  river  just  at  the  State  line.  Stowcsville  Cotton 
Mill.  .S  miles  from  Belnioiit  station  on  tlie  Southern  Railway,  is  utilizing  the  tirst 
important  shoal  on  the  river.  The  mill  contains  24  looms,  2,250  spindles,  and  16 
cards,  operated  hy  water  power  alone.  The  dam  is  5  feet  high  and  200  feet  long, 
built  of  wood  and  stone,  giving  with  a  race  of  from  500  to  600  feet  long  a  head  of  16 
feet  on  the  wheel,  furnishing  perhaps  some  50  horsepower.  Spring  Shoal,  the  next 
power  on  the  river,  is  the  site  of  the  McAdcn  Mills,  located  6  miles  above  the  Stowes- 
ville  Mill,  and  just  beyond  the  mouth  of  Duharts  Creek,  and  1|  miles  from  Lowell 
station  on  the  Southern  Railway.  The  mill  contains  320  looms  and  15,000  spindles. 
The  dam  is  5  feet  high  and  500  feet  long  and  the  fall  at  the  mill  is  23^  feet,  where  it 
is  claimed  700  horsepower  can  be  developed.  The  fall  of  the  shoal  is  24  feet,  and  it  is 
said  that  in  half  a  mile  a  fall  of  30  feet  can  be  secured  over  a  bed  of  solid  rock. 

The  name  of  Massey  Shoal  has  been  applied  primarily  to  the  lowest  of  three  shoals  so 
close  together  that  they  can  be  developed  as  one  power.  The  upper  shoal  was  formerly 
occupied  by  the  mill  of  the  Woodlawn  Manufacturing  Company  and  the  middle 
shoal  by  the  mill  of  the  Lawrence  Manufacturing  Company.  The  three  shoals  have 
a  combined  fall  of  25.9  feet  in  a  distance  of  about  1  mile.  Spencer  Mountain  Mill,  3 
miles  above  the  Massey  Shoal  and  12  or  13  miles  above  the  month  of  the  river,  con- 
tains 6,000  spindles  and  30  cards,  and  uses  about  100  horsepower.  The  wooden  frame 
dam,  600  feet  long  and  from  2  to  7  feet  high,  gives  a  fall  of  13  feet  at  the  wheel, 
through  a  race  190  feet  long.  The  fall  here  might  be  increased,  as  the  available  fall, 
it  is  stated,  is  about  18  feet. 

The  Friday  Shoal  is  a  rock  shoal  said  to  have  about  10  feet  fall  and  to  be  a  good 
power.  This  is  the  site  of  the  cotton  mill  of  the  Harden  Manufacturing  Company, 
which  contains  2,080  spindles.  The  dam  is  6  feet  high  and  200  feet  long,  giving  a 
fall  at  the  mill  of  16  feet,  where  it  is  said  that  from  80  to  85  horsepower  is  available 
at  all  times. 

High  Shoal,  the  next  power,  is  one  of  the  best  on  the  stream.  It  is  situated 
between  the  months  of  Kettle  Shoal  Creek  and  Hynes  Creek,  7  miles  from  Lincolnton 
and  1  mile  from  the  Carolinaand  Northwestern  Railroad,  which  crosses  the  river  just 
below  the  shoal.  The  stream  Hows  over  a  ledge  of  solid  gneiss  rock,  the  fall  being 
about  22  feet  in  300,  but  th(!  fall  continues  below  for  some  distance,  amounting  to 
27  feet  in  600  and  probably  35  feet  in  one-fourth  of  a  mile  or  more.  The  banks  are 
abrupt  on  both  sides,  but  there  is  still  an  abundance  of  room  for  buildings,  while 
the  best  location  is  on  the  left  bank.  The  whole  flow  of  the  stream  can  easily  bo 
controlled,  as  the  facilities  in  all  resi)ect8  are  excellent.  The  width  of  the  stream 
is  .3(X)  feet  above  the  fall  and  probably  more  below,  as  the  channel  is  cut  up  by 
rocks  and  islands.  This  power  was  used  twenty-live  or  thirty  years  ago  to  drive  a- 
rolling  mill,  a  nail  factory,  and  other  iron  works,  together  with  a  grist  and  saw 
mill,  situated  on  the  left  bank  and  using  about  180  horsepower. 

The  Long  Shoals  Cotton  Mill  is  situated  on  a  shoal  of  the  same  name,  just  below 
the  mouth  of  Indian  Creek  and  t  miles  l){low  T^incointon.  The  mill  contains  5,200 
B|>indle8,  and  is  run  by  water  ]iowt  r  alone.  The  dam  is  of  wood  and  stone,  13  feet 
high  and  300  feet  long.  The  race  is  300  feet  long  and  tlie  fall  of  the  water  at  the 
mill  is  13  feet.  It  is  exjiected  to  develop  300  horsepower  here  during  ordinary 
seasons. 

The  Lincoln  Cotton  Mill  is  located  2  miles  above  the  Long  Shoals  mill,  on  tin;  site 
of  the  old  i)aper  mill  formerly  owned  by  W.  it  R.  Tiddy,  of  Charlotte.  Tlie  dam  is 
of  wood,  giving  a  fall  of  13  feet  at  the  wheel.    The  mill  contains  5,000  spindles. 


Data  compiled  from  a  report  prepared  by  Prof.  J.  A.  Holmes,  State  geologist  of  North  Carolina. 
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The  Laboratory  Cottou  Mill  is  located  on  the  river  one-half  mile  above  the  paper 
mill,  above  the  mouth  of  Indian  Creek  and  below  that  of  Sand  Branch.  The  mill 
contains  6,500  spindles.  The  dam  is  of  logs,  6  feet  high  and  500  feet  long,  giving  a 
fall  of  9  feet  at  the  mill  and  developing,  it  is  claimed,  about  250  horsepower. 


Bating  tahlefor  Cataicia  Biier  at  Catawha,  North  Caroli  J',  for  1897. 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

1.5 

750 

3.8 

4, 535 

6.6 

12,  795 

10.0 

22,  825 

1.6 

850 

4.0 

5, 125 

6.8 

13, 385 

10.5 

24,  300 

1.7 

950 

4.2 

5,715 

7.0 

13,  975 

11.0 

25,  775  " 

1.8 

1,050 

4.4 

6,  305 

7.2 

14,  565 

11.5 

27,  250 

1.9 

1, 160 

4.6 

6,  895 

7.4 

15, 155 

12.0 

28,  725 

2.0 

1,  270 

4.8 

7,485 

7.6 

15,  745 

12.5 

30,  200 

2.2 

1,490 

5.0 

8, 075 

7.8 

16,  335 

13.0 

31,  675 

2.4 

1,  730 

5.2 

8,  665 

8.0 

16,  925 

13.5 

33, 150 

2.6 

1,  9S0 

5.4 

9,255 

8.2 

17,515 

14.0 

34,  625 

2.8 

2,  250 

5.6 

9, 845 

8.4 

18, 105 

14.5 

36, 100 

3.0 

2,  560 

5.8 

10, 435 

8.6 

18,  695 

15.0 

37,  575 

3.2 

2,980 

6.0 

11, 025 

8.8 

19, 285 

15.5 

39,  050 

3.4 

3,  450 

6.2 

11,  615 

9.0 

19,  875 

16.0 

40,  525 

3.6 

3,  960 

6.4 

12,  205 

9.5 

21,  350 

Estimated  monthli/  discharge  of  Catawha  Rirer  at  Catairba,  North  Carolina. 
[Drainage  area,  1,535  square  miles.] 


Discharge  in  second-feet. 

Run-off. 

Month. 

Total  in 

acre- 

Second- 

Maxi- 

Mini- 

Mean. 

feet 

Depth,  in 

feet  per 

mum. 

mum. 

inches. 

square 

mile. 

1897. 

January   

6,  452 

1,050 

1,647 

101, 

270 

1. 23 

1.07 

February   

40, 230 

1, 550 

7,  006 

389, 

095 

4. 79 

4. 60 

March  

17,  663 

1,  550 

5,637 

346, 

605 

4.  24 

3.  67 

April   

40, 525 

2, 180 

5,014 

298, 

355 

3.64 

3.  26 

May  

11,025 

1,435 

2,600 

159, 

870 

1.95 

1.69 

June  

3,  450 

1,  270 

1, 833 

109, 

070 

1.33 

1.19 

July   

3,  210 

1,  270 

1,  774 

109, 

080 

1.34 

1. 16 

August  

2,560 

950 

1,  321 

81, 

225 

0.  99 

0. 86 

September  

1,  380 

900 

1,  017 

60, 

515 

0. 73 

0.  66 

October  

16,  925 

850 

1,  787 

109, 

880 

1. 35 

1. 17 

November  

2, 560 

950 

1,  233 

73, 

370 

0.  89 

0.  80 

1,850 

1, 105 

1,  328 

81, 

6.=;6 

0. 99 

0.  86 

The  year  

40,525 

850 

2,683 

1,  919, 

991 

23. 47 

1.75 

NEWELL.] 


CATAWBA  RIVER. 


213 


S«c.-ft 
24,  OO'J 

22.  000 

20,  000 

18, 000 

IC.  000 

14.  000 

12,000 

10,  000 

8. 000 

6,000 

4,000 

2,000 


JAN 
10  20 

FtD 

10  2C 

MAncn 

10  20 

10  20 

MAY 
10  20 

JUNE 
10  20 

JULY 
10  20 

AUG. 
10  20 

SEPT 
10  20 

OCT 
10  20 

NOV 

10  20 

DEC. 
10  20 

1 — 

\ 
Q 
a, 

£ 

1  1 

1 

I 

r 

1 

t! 

1 

1 

1 

m 

1  ! 

I 

1 

T 

H  11 

m 

V 

11 

mw 

1 

ill 

nmi 

I 

Rl 

1'* 

Fig.  50.— Discbarge  of  Catawba  River  at  Catawba,  North  Carolina,  1897. 
Bating  table  for  Catawba  River  at  liockhill,  South  Carolina,  for  1S97 


IMscliarge. 


Gage  heigbt. 

Feet. 
1.0 
1.2 
1.4 
1.6 
1.8 
2.0 
2.2 
2.4 
2.6 
2.8 
3.0 
3.5 
4.0 
4.  .5 


Jau.  1  to  Feb.  6.  Feb.  7  to  Dec.  31. 


Second-feet. 


1.250 
1,450 
1,700 
2,000 
2, 350 
2,  700 
3,100 
3,500 
3,900 
5,  050 
6, 400 
8, 050 


Second-feet. 

1,  600 
1,700 
1, 900 

2,  200 
2,  500 
2,800 
3, 100 
3,450 
3,800 
4,  200 

4,  600 

5,  750 
7,000 
8,375 


Gage  height. 


Feet. 
5.0 
5.5 
6.0 
6.5 
7.0 
7.5 
8.0 
9.0 
10.0 
11.0 
12.0 
13.0 
14.0 
15.0 


Discharge. 


Jan.  ItoFeb.  6.  Feb.  7  to  Dec.  31, 


Second-feet. 


Second-feet. 
9,  800 
11,  300 

13,  000 

14,  750 
16,  550 
18,  500 
20,  500 
25,  500 
31,  000 
38,  000 
45,  300 
52,  700 
60, 100 
67,  500 
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Estimated  monthly  discharge  of  Cataivba  River  at  Bockhill,  South  Carolina. 
[Drainage  area,  2,987  square  7iiiles.] 


Discharge  in  second-feet. 

Run-off. 

Month. 

Total  in  acre- 

Second 

Maxi- 

Mini- 

feet. 

Depth,  in 

feet  per 

mum. 

mum. 

inches. 

square 

mile. 

1897. 

January  

5,  550 

1,575 

2,097 

128,  940 

0.  81 

0.  70 

February   

65,  650 

1,  775 

9,  277 

515,  220 

3. 24 

3.11 

March  

19,  300 

3,275 

7,  537 

463,  430 

2.  91 

2. 52 

April  

54,  920 

3, 100 

7,055 

419,  800 

2.63 

2. 36 

May  

8, 100 

2,  650 

3,  571 

219,  575 

1.38 

1.20 

June  

7, 825 

2, 200 

3, 128 

186, 130 

1. 17 

1.05 

July  

10, 550 

2, 050 

2,900 

178,  315 

1.12 

0. 97 

August  

8,925 

1, 975 

2,587 

159,  070 

1.00 

0.  87 

September  

2,  200 

1,  700 

1,817 

108, 120 

0.  68 

0.61 

October  

9,  200 

1, 700 

2,311 

142, 100 

0.  89 

0.77 

November  

4,000 

1, 900 

2, 186 

130, 075 

0.81 

0.  73 

December  

3, 100 

2, 125 

2,523 

155, 135 

0. 97 

0. 84 

The  year  

65,  650 

1,  575 

3,  916 

2,  806, 120 

17.  61 

1.31 

JAN 

10  20 
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10  20 
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10  20 
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10  20 
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Fig.  51.— Discharge  of  Catawba  Kiver  at  Bockhill,  South  Carolina,  1897. 
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BROAD  RIVER. 

This  stream  takes  its  rise  on  the  eastern  slope  of  the  Blue  Ridge 
near  Hickorynut  Gap,  and,  flowing  in  a  general  southeasterly  direc- 
tion, unites  with  Saluda  Eiver  just  above  Columbia  to  form  the  Conga- 
ree.  The  length  from  source  to  mouth,  measured  in  a  straight  line,  is 
about  128  miles,  but  following  the  course  of  the  stream  it  is  much 
greater.  The  drainage  area  comprises  about  4,950  square  miles,  of 
which  3,500  are  in  South  Carolina  and  1,400  in  North  Carolina,  its  gen- 
eral character  resembling  that  of  the  Catawba.  Broad  Eiver  receives 
a  number  of  important  tributaries,  but  there  are  no  towns  of  impor- 
tance along  it. 

The  following  statements  are  from  a  report  by  Prof.  J.  A.  Ilolmes : 
At  Columbia  is  a  shoal  3  miles  long,  extending  2  miles  above  Colum- 
bia and  1  mile  below,  with  a  fall  of  41  feet  where  the  river  crosses  the 
fall  line.  The  Columbia  Canal  as  it  was  first  constructed  was  5  miles 
in  length,  10  feet  in  width  at  bottom  and  28  feet  at  surface  of  water,  and 
3  feet  in  depth.  The  present  canal  has  for  its  minimum  dimensions  for  a 
distance  of  3i  miles  from  the  bulkhead  (see  PI.  XXIX,  B),  110  feet  wide 
at  the  bottom,  150  feet  at  the  normal  surface  of  the  water,  and  10  feet 
deep,  giving  a  waterway  of  1,300  square  feet;  thence  in  about  one-fourth 
of  a  mile  these  dimensions  are  reduced  to  80  feet  wide  at  the  bottom  and 
120  feet  at  top,  and  10  feet  deep.  The  bottom  grade  is  1  foot  per  mile, 
which  gives  a  flow  of  about  4,830  cubic  feet  per  second,  when  the  water 
surface  in  the  canal  is  parallel  to  the  Ijottom.  The  capacity  of  the  canal, 
if  used  under  an  average  head  and  fall  of  31  feet,  is  12,590  horsepower, 
assuming  that  wheels  are  used  developing  74  per  cent  of  the  theoretical 
power,  which  is  estimated  at  10,988  horsepower.  The  total  cost  of  the 
canal  has  been  $912,000. 

The  dam  (see  PI.  XXVIII)  is  1,000  feet  long  on  the  crest  and  crosses 
the  river  in  a  broken  line,  slightly  V-shaped,  apex  upstream,  built  of 
crib  work  filled  with  hand-placed  stone.  The  abutment  on  the  west 
side  of  the  river  is  formed  by  a  ledge  of  granite  in  jdace;  that  on  the 
east  side  of  granite  masonry  laid  in  hydraulic-cement  mortar.  The 
bulkhead,  through  which  water  is  admitted  into  the  race,  is  composed 
of  abutments,  i)iers,  arches,  and  parapet  wall  of  granite  masonry  laid  in 
hydraulic-cement  mortar.  The  gates  are  24  in  number,  and  the  clear 
opening  in  the  bulkhead  is  1,344  sciuare  feet,  which,  witli  the  area  of 
the  lock  opening  that  may  be  used  for  passing  water  into  the  race, 
gives  an  aggregate  area  of  1,400  square  feet.  The  power  generated  is 
developed  in  four  power  houses:  The  pumping  station  of  the  city  water- 
works, whicli  develops  500  horsepower;  the  Columbia  Electric  Street 
Railway,  Light,  and  Power  Company,  which  develops  500  horsepower; 
the  Cohiin])ia  Mills  Company,  which  devclojjs  .'>,000  horsepower,  trans- 
mitted electrically  to  their  mill,  containing  30,000  spindles,  hx-ated 
across  the  canal  and  about  800  feet  distant  from  the  power  house;  the 
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Columbia  Water  Power  Company,  which  has  recently  completed  the 
installation  of  a  plant  of  3,000  horsepower  capacity,  which  may  be 
increased  to  10,000  horsepower.  The  plant  consists  of  three  turbines 
of  1,250  horsepower  each,  three  750  K.  W.  generators — 3-phase  alter- 
nators of  3,450  volts  each — with  their  exciters,  water  governors, 
switch  boards,  etc.  The  Granby  mills,  located  miles  distant,  con- 
taining 30,000  spindles,  1,400  looms,  and  using  1,500  horsepower,  is  the 
largest  customer.  The  remainder  of  the  power  is  either  used  by  other 
establishments  or  is  for  sale. 

The  power  plant  of  the  Columbia  Mills  Company  consists  of  two 
turbines  directly  connected  to  two  500  K.  W.  3-phase  generators,  two 
10  horsepower  direct-current  generators  to  excite  the  fields  of  the 
large  generators,  an  electric  water  governor,  and  a  switch  board.  The 
current  is  carried  to  the  mills  through  cables  placed  underground  and 
is  distributed  there  to  the  motors,  which  are  of  45  horsepower  each,  mak- 
ing 540  revolutions  per  minute,  starting  at  full  load,  and  not  stopping 
if  they  are  overloaded  uj)  to  125  horsepower.  In  the  accompanying 
view  (PI.  XXIX,  A),  the  power  house  of  the  Columbia  Mills  Company  is 
seen  on  the  left,  the  cotton  mill  being  in  the  background.  The  power 
house  of  the  Columbia  Water  Power  Company  is  seen  on  the  right. 

Mnety-nine  Island  Shoal  is  11.5  miles  above  Columbia,  its  fall  being 
17.26  feet  in  a  distance  of  2.75  miles.  The  banks  are  favorable  for 
building,  and  the  power  is  no  doubt  easily  available.  The  river  is  very 
wide;  in  some  places  over  half  a  mile.  Bouey  Shoal,  17.75  miles  above 
Columbia,  is  1  mile  long  and  has  a  fall  of  G  feet.  Summers  Shoal, 
beginning  26.25  miles  above  Columbia  and  extending  1  mile,  has  a  fall 
of  11.61  feet.  This  is  said  to  be  a  fine  site  for  power.  It  is  13  miles 
below  the  mouth  of  the  Euoree  River.  Lyles  Shoal,  41  miles  above 
Columbia,  has  a  fall  of  11.36  feet  in  3,930  feet.  It  is  situated  3  miles 
below  the  mouth  of  the  Tiger  River  and  1  mile  above  the  mouth  of  the 
Euoree.  Xeals  Shoal,  58.5  miles  above  Columbia,  has  a  fall  of  9.75  feet 
in  3,300,  and  the  river  here  is  from  250  to  350  yaids  in  width.  The  next 
shoal,  the  first  of  great  importance  as  a  water  power,  and  perhaps  the 
best  site  on  the  river,  is  Lockharts  Shoal,  situated  less  than  2  miles 
above  the  mouth  of  Turkej^  Creek.  This  shoal  is  preceded  by  a  short 
shoal  called  Gravel  Shoal,  which  has  a  fall  of  6.11  feet  in  2,673. 
Just  above  this  is  Lockharts  Shoal  proper.  The  lower  shoal  is  2,955 
feet  long  and  has  a  fall  of  15.80  feet,  and  the  upper  shoal  is  3,000  feet 
long  and  has  a  fall  of  31.86  feet,  so  that  the  total  length  of  the  shoal  is 
1.41  miles  and  the  total  fall  47.66  feet.  The  width  of  the  stream  above 
the  shoal  is  200  yards  and  the  depth  of  the  water  is  from  25  to  30  feet. 

Above  this  shoal  there  is  no  power  of  importance  for  nearly  25  miles, 
the  next  being  a  long  shoal  (6.25  miles),  generally  subdivided  into  two, 
the  Xinety-nine  Island  Shoal,  3.2  miles  long  with  a  fall  of  50.62  feet, 
and  Cherokee  Shoal,  2  miles  long  with  a  fall  of  50.95  feet.  The  head  of 
the  latter  is  about  3  miles  below  the  crossing  of  the  Southern  Railway. 
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This  is  the  site  of  the  Cherokee  Mills,  which  contain  G,556  spindles  and 
392  looms,  operated  by  water  power  alone. 

Surratts  Shoal,  108  miles  above  Columbia,  is  the  lirst  shoal  above  the 
Southern  liailway.  It  is  1.75  miles  long,  consists  of  a  continuous  series 
of  ledges,  and  the  fall  has  been  stated  to  be  not  less  than  20  feet  to 
the  mile.  Gastons  Shoal  is  2.25  miles  above,  and  is  1  mile  long,  with 
a  fall  of  about  10  feet.  The  Hopper  and  Blanton  shoals  are  the  first 
shoals  in  Xorth  Carolina.  They  are  located  about  one-fourth  of  a  mile 
above  the  mouth  of  First  Broad  Eiver.  At  this  i)lace  is  the  beginning 
of  a  horseshoe  bend,  convex  eastward,  about  2  miles  round,  while  the 
distance  across  the  neck  is  only  about  200  yards.  This  neck  is  low, 
rising  on\y  about  50  feet  above  the  river  at  the  highest  point,  and  the 
fall  has  been  roughly  measured  across  it  by  means  of  a  pocket  level  and 
found  to  be  between  25  and  30  feet.  On  the  lower  side  of  this  neck 
there  is  a  short  shoal  in  the  river  known  as  the  Hopper  Shoal;  on  its 
upper  side  there  is  a  similar  one  known  as  the  Blanton  Shoal. 

Palmers  Shoal,  116.5  miles  above  Columbia,  1  mile  above  the  mouth 
of  First  Broad  River  and  about  7  miles  below  the  mouth  of  the  Second 
Broad,  is  said  to  be  the  best  site  above  Cherokee  Shoal,  its  entire  fall, 
18  feet  in  0.5  mile,  being  available  for  power.  Durham  Shoal  is  located 
1  mile  above  Palmers  Shoal  and  C  miles  below  the  mouth  of  the  Second 
Broad.  The  shoal  is  formed  by  a  ledge  of  granite  extending  directly 
across  the  river,  about  100  yards  wide,  affording  an  excellent  founda- 
tion for  a  dam.  The  natural  fall  here  is  7  feet.  Above  this  point  there 
are  no  shoals  of  any  considerable  importan(!e  till  the  mountains  are 
reached;  the  fall  of  the  river  is  gradual,  though  considerable. 

The  first  impoitant  tribvitary  of  liroad  River'  is  the  Eiioree.  Little  River,  below 
it,  has  no  powers  worthy  of  special  mention.  The  Euoree  rises  in  Greenville  County, 
flows  southeast  for  about  70  miles,  and  drains  an  area  of  about  730  square  miles.  The 
average  fall  of  the  river  is  about  70  feet  to  the  mile.  The  shoals  on  the  lower  part 
of  the  river  are  rapidly  filling  up.  For  the  lirst  25  miles  there  are  only  two  small 
mills. 

The  power  formerly  known  as  Yarbrough's  gristmill  is  the  first  power  of  impor- 
tance on  the  river.  The  iall  here  is  about  16  feet.  The  next  shoal  is  Mountain  Shoal, 
the  most  important  one  on  the  Enoree.  It  is  situated  about  12  miles  from  Laurens. 
The  stream  pours  over  a  ledge  of  gneiss  rock,  falling  nearly  70  feet  in  a  quarter  of  a 
mile,  and  is  divided  into  two  shoals.  At  the  head  of  the  upper  shoal  a  natural  dam 
extends  nearly  across  the  stream,  which  is  some  200  feet  wide,  and  a  fall  16.5  feet  in 
500  feet  results.  After  flowing  200  yards  with  a  fall  of  only  2  feet,  the  stream  falls 
52  feet  in  2.^0  yards.  At  the  head  of  this  fall  the  stream  is  800  feet  wide.  The  banks 
on  the  left  are  steej)  and  rocky,  but  those  on  the  right  are  lower,  and  at  the  foot  of 
the  shoal  there  is  a  bottom  which  is  sometimes  ovc-rllowed  to  a  depth  of  5  or  6  feet. 
The  channel  of  the  river  is  interspersed  with  islands.  This  is  the  site  of  the 
Enoree  mills,  which  contain  .'W,725  spindles  and  820  looms.  Above  this  place  there 
are  several  small  shoals  with  falls  of  6  to  12  leet  each. 

Van  Pattens  Shoal,  about  15  miles  above  Mountain  Shoal  and  over  20  miles  from 
Laurens,  is  the  next  important  power.  The  river  here  falls  over  a  ledg<-  of  gneiss 
rock,  as  at  Mountain  Shoal,  'j'j  feet  in  900  feet. 


■  Data  compiled  from  a  report  prepared  by  Prof.  J.  A.  Holmes,  State  geologist  of  North  Carolina. 
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The  next  shoal  above  is  at  the  site  of  the  mill  of  the  Pelhani  Mauufacturing  Com- 
pany, which  contains  10,000  spindles  driven  entirely  by  water  power  from  this 
stream.  The  dam  is  of  stone,  550  feet  long,  and  the  flume  which  carries  the  water 
to  the  wheels  is  65  feet  long  and  8  feet  in  diameter.  The  fall  of  water  at  the  wheels  is 
32  feet.  The  wheels  are  two  in  number,  one  35-inch  vertical  and  one  25-inch  hori- 
zontal turbine.  It  is  claimed  that  the  horsepower  developed  during  dry  seasons  is 
about  325,  and  at  ordinary  seasons  about  425  horsepower  is  developed. 

After  inquiry  no  other  shoals  of  imjiortance  were  discovered  on  the  river.  It 
will  be  seen  that  the  Euoree  River  has  a  succession  of  shoals,  affording  considerable 
power.  Crossing  the  ledges  of  rock  at  larger  angles  than  does  the  Broad  River,  the 
falls  of  all  these  tributaries  are  more  abrupt. 

The  next  important  tributary  of  the  Broad  is  Tiger  River,  which  enters  only  4^ 
miles  above  the  mouth  of  the  Enoree,  and  from  the  same  side.  The  length  of  Tiger 
River  from  the  junction  of  the  forks  to  its  mouth  is  about  36  miles  in  a  straight  line, 
and  its  drainage  area  is  720  square  miles,  almost  exactly  the  same  as  that  of  the 
Enoree,  to  which  this  stream  is  similar  in  all  respects. 

On  account  of  the  silting  up  of  the  stream  there  are  no  shoals  of  importance  for 
30  to  40  miles  from  the  mouth.  The  first  worth  mentioning  is  the  site  of  Hill's  fac- 
tory. At  this  place  the  fall  continues  for  about  three-fourths  of  a  mile,  but  may  be 
divided  into  three  parts — the  lowest  with  a  fall  of  about  12  feet,  the  middle  with  a 
fall  of  about  15  to  16  feet,  and  the  highest  with  a  fall  of  12  to  15  feet. 

Four  miles  above  is  a  grist  and  saw  mill,  with  a  fall  of  about  9  feet.  There  are 
some  powers  above,  one  of  which  is  said  to  have  a  fall  of  15  feet.  The  North  Tiger 
has  one  power  below  its  junction  with  the  Middle  Tiger  where  a  fall  occurs  of  about 
36  feet  in  300  yards.  The  Middle  Tiger  is  also  a  small  stream,  with  a  drainage  area  at 
its  mouth  of  55  square  miles.  It  has  a  number  of  shoals  where  the  stream  pours  over 
ledges  of  solid  rock,  falling  from  10  to  20  feet  in  a  short  distance,  and  there  are  sev- 
eral gristmills  and  a  cotton  factory  on  the  river.  The  Tucapau  Mills  Company  has 
a  cotton  mill  about  2  miles  from  Wellford  station,  on  the  Southern  Railway,  which 
contains  16,000  spindles  and  470  looms,  operated  by  combined  steam  and  water 
power. 

The  South  Tiger  is  the  largest  of  the  three  forks  and,  like  the  others,  has  a  num- 
ber of  fine  shoals,  some  of  which  have  been  improved. 

The  next  tributary  of  the  Broad  which  is  worthy  of  special  mention  is  Pacolet 
River,  which  drains  an  area  of  about  475  square  miles.  The  stream  is  a  succession 
of  shoals  and  affords  considerable  water  power.  The  first  shoal  met  in  ascending  the 
river  is  SkviU  Shoal,  4  miles  from  the  mouth,  but  the  fall  is  onlj^  3  feet.  Grindall 
Shoal,  about  14  miles  from  the  mouth,  has  a  fall  of  al)0ut  6  feet. 

The  first  important  shoal  is  Trough  Shoal,  the  most  notable  power  on  the  river,  23 
miles  from  its  mouth,  12 miles  from  Spartanburg,  and  2  miles  from  Pacolet  Station,  on 
the  Southern  Railway.  The  total  length  of  the  shoal  is  nearly  three-fourths  of  a 
mile,  and  the  total  fall  in  that  distance  is  in  the  neighborhood  of  60  feet,  as  ascer- 
tained by  a  pocket  level.  At  the  upper  end  the  stream  is  contracted,  for  a  distance 
of  100  feet  or  more,  between  two  vertical  walls  of  rock,  to  a  width  of  from  10  to  15 
feet,  the  depth  being  16  feet  at  ordinary  stages  of  the  water.  The  bed  of  the  stream 
consists  of  solid  rock  or  bowlders  for  the  entire  leugth  of  the  shoal  and  the  fall  is 
distributed  as  follows: 

For  about  500  feet  the  bed  is  rough  aud  about  200  feet  wide,  the  fall  in  this  dis- 
tance being  22  feet;  in  the  next  750  feet  the  fall  is  only  5.5  feet,  while  in  the  following 
350  feet  an  equal  fall  occurs  between  banks  which  are  rocky  aud  very  steep.  The 
banks  retain  the  same  character  for  the  next  500  feet,  with  a  fall  of  11  feet;  thence 
the  river  has  falls  of  5.5  feet  in  three  successive  distances  of  250,  750,  and  300  feet, 
respectively.  The  fall  of  the  entire  shoal  amounts  to  60  feet.  The  power  is  one  of 
the  best  in  this  vicinity  and  is  utilized  in  part  by  the  Pacolet  mills,  which  contain 
56,328  spindles  and  2,160  looms. 
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Oue  mile  above  Pacolet  is  Brown's  mill,  where  there  is  said  to  be  a  fall  of  14  feet, 
and  2i  miles  beyoud  is  another  site  where  the  fall  is  8  or  10  feet.  Thirty  miles 
above  the  month  of  the  river  is  the  shoal  known  as  Hurricane  Shoal,  formerly  occu- 
pied by  iron  works,  but  now  the  site  of  the  Clifton  cotton  factories.  These  three  mills 
are  within  a  short  distance  of  each  other  on  the  river  and  contain  an  aggre<;ate  of 
85,848  spindles  and  2,698  looms,  operated  by  water  and  steam  power  combined. 

Lawsons  Fork,  which  enters  the  Pacolet  several  miles  below  Clifton,  has  a  drainage 
area  of  82  square  miles.  It  contains  severul  falls;  the  lirst,  of  about  1.5  feet,  occurs 
just  below  Glendale,  and  the  second  at  Glendale,  6  miles  from  Spartanburg.  The 
latter  is  used  by  the  cotton  factory  of  1).  E.  Converse  &  Co.,  which  contains  17,28t) 
spindles  and  .518  looms,  operated  by  steam  and  wat«r  power  combined. 

On  Buffalo  Creek,  near  the  crossing  of  the  Seaboard  Air  Line,  there  is  a  small  cot- 
ton mill  contaiuing  3,000  spindles,  operated  by  the  Buffalo  ^lanufacturing  Company. 
The  dam  is  90  feet  long  and  25  feet  high,  giving  a  fall  of  30  feet  at  the  wheel. 

On  First  Broad  River  the  Lauraglen  Cotton  Mill  is  situated,  3  miles  southwest  of 
Shelby.  This  factory  contains  3,500  spindles  and  is  operated  entirely  by  water 
power.  The  dam  is  14  feet  high  and  200  feet  long,  and  the  head  on  the  wheel  is  15 
feet. 

Double  Shoals,  the  next  important  power  on  the  river,  is  the  site  of  the  cotton 
factory  known  as  the  Double  Shoals  mill,  which  contains  2,000  spindles,  situated 
about  8  miles  north  of  Shelby  and  4  miles  east  of  the  Cleveland  mills.  The  dam  is 
9i'eet  high  and  the  water  falls  15  feet  at  the  mill.  Cleveland  Cotton  Mill  No.  2  is  also 
located  on  this  stream,  10  miles  north  of  Shelby  and  3  miles  north  of  the  Double 
Shoals  mill.  The  mill  contains  4,224  spindles.  The  dam  is  12  feet  high  and  270  feet 
long,  and  the  fall  of  water  at  the  factory  is  13  feet. 

On  Knob  Creek,  a  small  tributary  which  joins  the  Second  Broad  at  Gardners  Ford, 
is  situated  the  Cleveland  Cotton  Mill  No.  1,  about  12  miles  north  of  Shelby.  The  mill 
contains  884  spindles.  The  dam  is  15  feet  high  and  90  feet  long,  giving  a  head  of  15 
feet  at  the  mill. 

Second  Broad  Kivei',  the  next  tributary  worth  mentioning,  rises  in  McDowell 
County  and  Hows  through  Rutherford  County,  draining  an  area  of  193  square  miles. 
It  is  a  small  stream,  only  30  feet  wide  at  its  mouth,  but  contains  several  good  powers. 
Tumbling  Shoal,  3  miles  from  the  mouth  of  the  river,  has  a  fall  of  11  feet  in  a  dis- 
tance of  200  yards,  and  a  good  building  site  may  also  be  obtained.  The  river  would 
probably  give  from  4i  to  5  horsepower  per  foot  of  fall  in  the  low  season  of  dry  years. 

High  Shoals,  on  which  is  located  Henrietta  Cotton  Mill  No.  1,  is  4  miles  above  the 
mouth  of  the  river.  The  original  shoal  had  a  fall  of  23.4  feet  in  a  distance  of  about 
800  feet.  The  dam  is  of  stone,  200  feet  long,  17.8  feet  high,  18  feet  base,  and  5  feet 
coping,  curving  slightly  upstream.  The  race  is  300  feet  long,  35  feet  wide,  and  10 
feet  deej),  giving  a  fall  at  the  wheel  of  32  feet.  The  mill  contains  25,000  spindles 
and  1,000  looms. 

The  Henrietta  Mill  No.  2  occupies  the  next  two  shoals,  about  2  miles  above  High 
Shoals.  The  two  shoals  have  a  total  natural  fall  of  18  feet.  The  dam  is  placed  on 
the  lower  shoal  and  backs  water  over  the  ujiper,  giving  a  fall  of  29  feet  at  the  wheel. 
This  mill  contains  35,000  spindles  and  1,000  looms. 
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Rating  table  for  Broad  River  at  Gaffnei/,  South  Carolina,  for  1897. 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

oecona-feet. 

Feet. 

aecona-jeet. 

0.7 

780 

2.4 

3,  028 

4.4 

7,  788 

6.2 

12,  072 

0.8 

790 

2.6 

3,  504 

4.6 

8,  264 

6.4 

12, 548 

0.9 

810 

2.8 

3,  980 

4.8 

8,  740 

6.6 

Irf,  024 

1.0 

845 

3.0 

4, 456 

5.0 

9,216 

6.8 

13,  500 

1.2 

940 

3.2 

4, 932 

.5.2 

9,  692 

7.0 

13, 976 

1.4 

1,  070 

3.4 

5, 408 

5.4 

10, 168 

7.5 

15, 166 

1.6 

1, 250 

3.6 

5, 884 

5.6 

10,  644 

8.0 

16,  356 

1.8 

1,  600 

3.8 

6,360 

5.8 

11, 120 

8.5 

17, 546 

2.0 

2,  076 

4.0 

6,  836 

6.0 

11,  596 

9.0 

18,  736 

2.2 

2, 5.52 

4.2 

7,312 

Estimated  monthly  discharge  of  Broad  River  at  Gaffney,  South  Carolina. 
[Drainage  area,  1,435  square  miles.] 


Discharge  in  second-feet. 

Run-off. 

Montli. 

Total  in  acre- 

Second- 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

feet. 

Depth  in 
inches. 

feet  per 
square 

mile. 

1897. 

January   

2, 790 

800 

1,026 

63,  090 

0.  82 

0.71 

February   

18,  022 

970 

4,  111 

228,  315 

2. 99 

2.87 

March  

11, 596 

1, 719 

4, 556 

280, 140 

3.67 

3.18 

April  

18,  736 

1,957 

4, 198 

249,  800 

3.  26 

2. 93 

May  

7,550 

4,694 

5,  402 

332, 1.55 

4.34 

2.  76 

10, 287 

3,623 

f>,  126 

305,  020 

3. 98 

3.57 

July  

7,  074 

2,076 

4,310 

265,  010 

3. 46 

3.00 

August  

3,  861 

1, 070 

1,951 

119,  960 

1.57 

1.36 

September  

1,  600 

790 

929 

55,  280 

0.  72 

0.65 

October  

7,  312 

790 

1,244 

76,  490 

1.00 

0. 87 

November  

3,  266 

845 

1,  264, 

7.5,  215 

0.98 

0.  88 

December  

3, 266 

940 

1,  521 

93,  520 

1.22 

1.06 

The  year  

18,  736 

790 

2,  970 

2, 143,  995 

28.01 

1.  99 
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1 
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1 
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1 

1 

f 

1 
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Stc.  ft. 
12, 000 

11,000 

10, 000 

9,  000 
8,  OuO 
7, 000 
6,  000 
5,  000 
4.  000 
3.  000 
2,000 
1,000 
0 

Fig.  52.— Discharge  of  Broad  Kiver  at  Gaffney,  South  Carolina,  1897. 
SALUDA  RIVER. 

The  Saluda  is  formed  ou  the  boundary  between  Pickens  and  Green- 
ville counties,  South  Carolina,  by  the  nnion  of  its  Korth,  South,  and 
Middle  forks,  and  flowing  southeast  unites  with  the  Broad  to  form  the 
Cougaree.  The  length  of  the  stream  in  a  straight  line  is  about  110 
miles  and  its  drainage  area  is  about  2,350  square  miles.  The  general 
character  of  the  Saluda,  which  contains  numerous  shoals  and  falls,  is 
similar  to  that  of  the  Enoree  and  the  other  tributaries  of  the  Broad. 
At  Beards  Falls,  2  miles  above  Columbia,  is  the  factory  of  the  Saluda 
Manufacturing  Company.  The  dam  is  of  stone,  900  feet  long  and  0  feet 
high,  with  a  race  200  feet  long.  The  fall  at  the  factory  is  from  14  to 
16  feet. 

Saluda  River  was  made  navigable  many  years  ago  by  the  State,  and 
three  canals  were  constructed,  the  lowest  one  being  around  Beards 
Falls.  The  canal  was  2.^  miles  hmg  and  had  five  locks  with  a  total  lift 
of  34  feet,  covering  the  fall  of  the  river  between  its  mouth  (where  there 
was  a  dam  across  the  Broad,  in  the  pool  of  which  boats  were  floated 
over  to  the  Columbia  Canal)  and  the  head  of  Loricks  Falls,  1.^  miles 
above  the  Saluda  factory.  At  these  falls  there  is  a  natural  fall  in  the 
river  of  about  G  feet,  and  their  head  is  27  feet  above  the  mouih  of  the 
river.  The  available  power  at  the  mouth  of  the  Saluda  may  therefore 
be  considered  due  to  a  fall  of  from  30  to  34  feet,  and  it  is  said  that 
the  old  canal  could  be  ])ut  m  or(h'r  without  mu(;li  difli<'ulty. 

The  next  site  above  Loricks  Falls  is  beyond  the  mouth  of  Twelve- 
mile  Creek,  at  Drehers  Canal,  the  second  State  canal,  which  was  1  mile 
long  and  had  four  locks,  with  a  total  lift  of  21  feet.  The  most  impor- 
tant power  on  this  part  of  the  river  is  at  Great  Falls,  or  Wares  mill, 
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above  the  mouth  of  Eeedy  River.  The  slioal  is  in  all  about  1  mile  long 
and  the  fall  is  45  feet.  At  the  head  was  a  yviug  dam  on  the  left  bank, 
and  a  race  one-half  mile  long  gave  a  fall  of  21  feet  at  a  sawmill.  About 
300  yards  below  the  tailrace  was  a  second  wing  dam  on  the  right  bank, 
and  a  race  300  yards  long  gave  a  fall  of  20  feet  at  a  saw  and  grist  mill. 

The  next  site  on  the  river  is  a  power  owned  and  used  by  tlie  Pelzer Man- 
ufacturing Company  (see  PI.  XXYII,  B).  The  dam  here  is  700  feet  long 
and  gives  a  fall  of  30  feet  at  the  wheels.  Five  wheel  pits,  each  contain- 
ing one  pair  of  39-inch  horizontal  wheels,  develop  l.OaO  horsepower  per 
pair.  Only  three  pairs  of  wheels  and  three  generators  are  at  work.  The 
horsepower  developed  is  3,150  and  is  carried  a  distance  of  2f  miles. 
The  power  station  is  equipped  with  three  1,000-horsepower,  3-phase, 
3, 300- volt  generators,  exciters,  and  the  necessary  station  apparatus. 
The  installation  at  mill  Xo.  4  consists  of  21  induction  motors  and  1,200 
lights.  Mill  Xo.  3  has  one  400-horsepower  motor  and  ten  5-horsepower 
motors.  The  four  mills  at  Pelzer  contain  111,000  spindles  and  3,000 
looms;,  of  these  75,000  spindles  are  operated  by  power  electrically  trans- 
mitted. At  Pelzer  are  located  all  the  mills  owned  by  this  company,  and 
here  is  the  second  development.  The  dam  is  of  granite  in  cement,  250 
feet  long  and  15  feet  high,  with  a  race  of  200  feet  and  a  fall  used  at  the 
factory  of  21  feet.  Six  miles  above  is  the  factory  of  the  Piedmont  Man- 
ufacturing Company,  but  between  this  and  the  Pelzer  mill  is  the  Allen 
Shoal,  with  a  natural  fall  of  14  feet  in  250  yards,  capable  of  being 
increased  to  18  feet  without  interfering  with  the  Piedmont  factory, 
about  2  miles  above.  The  dam  at  the  Allen  Shoal  is  of  stone,  217  feet 
long,  23  feet  high,  and  gives  a  fall  of  28  feet  at  the  mill.  The  wheels 
are  six  in  number,  three  48-inch  vertical  and  three  54-inch  horizontal 
turbines,  developing  between  900  and  1,000  horsepower.  The  mill  con- 
tains 59,326  spindles  and  1,838  looms.  Above  this  point  there  are 
several  shoals  on  the  river,  but  none  of  importance. 

Eeedy  River  is  the  principal  tributary  of  the  Saluda  below  the  forks. 
The  length  of  the  stream  measured  in  a  straight  line  is  about  50  miles, 
and  its  drainage  area  is  386  square  miles.  Tumbling  Shoal,  about  16 
miles  from  the  mouth  of  the  river,  is  the  most  important  on  the  stream. 
The  shoal  is  short,  and  the  fall  amounts  to  10  feet  in  75.  The  next 
shoal  is  Cedar  Falls,  where  the  fall  is  stated  to  be  about  20  feet.  One 
mile  above  is  Fork  Shoal,  at  the  mouth  of  Reedy  Fork  Creek,  about  16 
miles  from  Greenville.  It  is  stated  that  a  fall  of  20  feet  can  be  obtained 
here.    At  Greenville  there  is  a  fall  of  64  feet  in  500  yards. 

The  Courtenay  Manufacturing  Company  has  developed  a  power 
located  on  Little  River,  about  4  miles  from  Seneca,  on  the  Southern 
Railway.  The  dam  is  built  in  a  curved  line,  with  a  radius  of  114  feet, 
and  is  113  feet  long,  giving  22  feet  head  through  a  race  175  feet  long, 
30  feet  wide,  and  10  feet  deep.  There  are  two  48-inch  horizontal  tur- 
bines, with  one  small  21-ineh  turbine  for  driving  fire  pump,  etc.  The 
total  horsei)ower  developed  is  750  during  low  seasons;  it  is  used  to 
drive  400  looms  and  17,000  spindles. 
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SENECA  RIVER. 

During  the  latter  part  of  1895  the  Anderson  Water,  Light,  and  Power 
Comi)any,  of  Anderson,  South  Carolina,  began  the  transmission  of 
electricity,  generated  by  ^yater  power  on  Seneca  River,  6  miles  distant. 
This  was  the  first  long-distan(,'e  transmission  plant  in  the  South,  and 
the  200-horsepower  Stanley  generator,  5,500  volts,  was  the  largest 
machine  in  the  country  of  so  high  a  voltage.  The  current  is  used  for 
arc  lamps,  incandescent  lamps,  and  motors.  During  the  last  year  the 
Anderson  Comi^any  has  greatly  enlarged  their  transmission  plant  by 
installing  two  600  K.  W.,  3-phase,  10,000-volt  generators,  the  distance 
of  transmission  being  10  miles. 

The  current  is  supplied  to  three  300-horsepower  synchronous  motors 
in  the  cotton  mills  at  000  volts,  70  arc  lights  and  1,500  incandescents, 
and  several  small  motors  in  the  town.  The  total  horsepower  delivered 
is  1,425. 

SAVANNAH  RIVER. 

Savannah  Kiver  is  formed  by  the  junction  of  Keowee  and  Tugaloo 
rivers  about  100  miles  above  Augusta,  Georgia.  The  head- water  tribu- 
taries have  their  source  in  the  Blue  Ridge  in  North  and  South  Carolina. 
The  gaging  station  on  the  main  river  is  located  at  Calhoun  Falls  at  the 
bridge  crossing  of  the  Seaboard  Air  Line,  and  is  described  in  Water- 
Supply  and  Irrigation  Paper  Yo.  15,  j).  39.  A  large  number  of  fine 
water  powers  occur  on  the  tributaries  and  along  the  main  river,  the 
most  noted  being  Tallulah  Falls,  335  feet  in  height,  on  Tallulah  River. 

Rating  table  for  Savannah  River  near  Calhoun  Falls,  South  Carolina,  for  1897. 


Gaee 
lieigbt. 


Teet. 
1.7 
1.8 
1.9 
2.0 
2. 1 
2.2 
2.3 
2.4 
2.5 


Discharge. 


Second-feet. 
1,450 
1,  580 
1.  720 

1,  875 
2, 045 
2,235 
2,445 
2,680 

2,  940 


II 


Gage 
height. 

Discharge. 

1  Gage 
'  height. 

Discharge. 

Gage 
heiglit. 

Discharge. 

Feet. 

Second-feet. 

i  Feet. 

Second-feet. 

Feet. 

Second-feet 

2.6 

3,  240 

3.5 

7,  500 

4.4 

12,  000 

2.7 

3,  590 

3.6 

8,000 

4.5 

12,  500 

2.8 

4,  000 

i  3.7 

8,  500 

4.6 

13,  000 

2.9 

4,500 

3.8 

9.  (!00 

4.7 

13, 500 

3.0 

5,  000 

1  3.9 

9,  500 

4.8 

14, 000 

3.1 

5, 500 

i  4.0 

10,  000 

4.9 

14,500 

3.2 

G,000 

•  4.1 

10,  500 

5.0 

15, 000 

3.3 

6.  500 

4.2 

11,000 

3.4 

7,000 

4.3 

11,500 
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JtJstimaied  monthly  discharge  of  Savannah  Biver  at  Calhoun  Falls,  South  Carolina. 

[Drainage  area,  2,712  square  miles.] 


Month. 


1896. 

August  

Septemlier  

October  

November  

December  

1897. 

January  ;  

February  13-28. 
March  17-31  .... 

April  8-30  

May  

June  

July  


August. 


September 
October . . . 
November . 


Discharge  in  second -feet. 

Run-off. 

Maxi- 
inum. 

Mini- 
in  mil . 

Mean. 

Total  in  acre- 
feet. 

Depth  in 
inches. 

feet  per 
square 
mile. 

5, 500 

1, 525 

2,126 

9,250 
2, 870 

1,460 

2,  360 
1,  821 
5,  644 

1,  460 

1 

26,  000 
18,  000 

17, 000 

1,  950 

2,  560 
2,  235 

6,  468 
4,  456 

273,  990 

1.89 

1.64 

12,  000 

6,000 

9,  031 

286,  604 

1.98 

3.33 

16,  750 

5, 250 

9,  050 

269, 250 

1.  86 

3.  33 

14,  750 

6,  000 

8,  402 

383,  295 

2.65 

3. 10 

18,  000 

2,  235 

6, 010 

369,  541 

2. 56 

2. 22 

12,  000 

2, 140 

4,698 

279,  550 

1.93 

1.73 

10,  250 

2,  445 

4,307 

264,  830 

1.83 

1.59 

4,  750 

1,  875 

2,  654 

163, 190 

1. 13 

0. 98 

3,  800 

1,  460 

1,  873 

111,  450 

0.  77 

0.  69 

5,  250 

1,  405 

2,220 

136, 505 

0.  94 

0. 82 

7,  000 

1,650 

2,  820 

167,  800 

1. 16 

1.04 

5,  000 

2, 445 

3,  355 

206, 295 

1.43 

1.24 

10  ?0 


Sec.-ft. 

12, 000 
11, 000 
10, 000 
9, 000 
8, 000 
7,  000 
6, 000 
5,  OOO 
4,000 
3, 000 
2, 000 
1,000 
0 


FC  B 


MARCH 

10  10 


10  ?0 


MAY 

10  ?0 


J  IJ  N  t 
10  }0 


JULY 

10  >0 


Aug 
10  ?o 


Fig.  53.— Discharge  of  Savannah  River  at  Calhoun  Falls,  South  Carolina,  189(5. 
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BROAD  RIVER  IN  GEORGIA. 

Broad  River  is  an  important  tributary  of  the  Savannah,  which  it 
enters  about  13  miles  by  river  below  the  gaging  station  on  the  main  river. 
Theresults-of  hydrographic  work  at  Carlton,  on  this  river,  will  give  data 
for  comijuting  the  power  that  can  be  developed  at  Anthony  Shoals, 
below,  which  have  a  fall  of  over  70  feet  within  a  short  distance.  The 
gaging  station  was  established  May  27,  1897,  but  observations  of  gage 
heights  were  not  commenced  until  July  1,  1897.  The  fall  at  Augusta, 
at  the  head  of  navigation,  is  about  50  feet  where  the  river  crosses  the 
fall  line.  Calhoun  Falls  and  Carlton  stations  are  described  in  Water- 
Supply  and  Irrigation  Paper  Ko.  15,  pp.  39-40. 

From  measurements  made  September  28  on  the  South  Fork  at 
mouth,  and  of  Broad  River  below  the  mouth  of  South  Fork,  tlie  dis- 
charges of  which  appear  in  the  following  table  of  miscellaneous  meas- 
urements, it  is  estima>ted  by  i*.  ^I.  Hall  tliat  at  low  water  the  North 
Fork  at  Carlton  discharges  about  3.4  times  as  much  water  as  the  South 
Fork  at  its  mouth,  and  that  a  fair  approximation  of  the  flow  of  Broad 
River  below  the  fork  can  be  obtained  by  adding  32  per  cent  to  the 
discharge  at  Carlton. 

19  GEOL,  PT  4  15 
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Bating  table  for  Broad  Biver  at  Carlton,  Georgia,  for  1S97. 


Gage 
heiglit. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

' i O V-- 1_1  <VX  JjC* 

Gage 
height. 

Fec't. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second  feet. 

1.5 

315 

2.5 

973 

3.5 

1,683 

4.5 

2,  393 

1.6 

360 

2.6 

1,  044 

3.6 

1,  754 

4.6 

2, 464 

1.  7 

410 

2.7 

1, 115 

3.7 

1,  825 

4.7 

2,  535 

1.8 

476 

2.8 

1, 186 

3.8 

1,896 

4.8 

2,  606 

1.9 

547 

2.9 

1,  257 

3.9 

1,967 

4.9 

2,  677 

2.0 

618 

3.0 

1,  32S 

4.0 

2,  038 

5.0 

2,  748 

2.1 

689 

3.1 

1,  399 

4.1 

2, 109 

5.  5 

3, 100 

2.  2 

760 

3.2 

1,  470 

4.2 

2, 180 

6.0 

3,  460 

2.3 

831 

3.3 

1, 541 

4.3 

2, 251 

2.4 

902 

3.4 

1,  612 

4.4 

2.  322 

JAN. 
10  20 

FEB. 
10  20 

MARCH 
10  20 

APRI  L 
10  20 

MAY 

10  20 

JUNE 
10  20 

JULY 
10  20 

AUG, 
10  20 

SEPT. 
10  20 

OCT. 
I0  20_ 

NOV. 
10  20 

DEC. 
10  20 

1 

J 

0 

RE 

a. 

0 

Sec.-ft. 
6,  000 

5,  500 
5,  000 
4,500 
4,000 
3,  500 
3,000 
2,  500 
2,  000 
1,500 
1,  000 
500 


Fig.  55. — Discharge  of  Broad  River  at  Carlton.  Georgia,  1897 
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Estimated  monthly  discharge  of  Broad  River  at  Carlton,  Georgia. 
[Drainage  area,  762  square  miles.] 


Month. 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Run-off. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inclies. 

Second- 
feet  per 
square 
mile. 

1897. 

July  

3,  671 

443 

979 

60, 195 

1.48 

1.28 

August  

2, 428 

385 

■641 

39, 415 

0. 97 

0. 84 

September  

831 

315 

880 

22,  611 

0.56 

0. 50 

October  

973 

150 

315 

28,  778 

0. 70 

0. 61 

November  

1,434 

385 

547 

32, 548 

0.80 

0.  72 

December  

1,115 

547 

748 

45,  995 

1. 13 

0. 98 

List  of  miscellaneons  discharge  measurements,  Savannah  Basin. 


Dat(>. 

stream. 

Locality. 

Meter 
num- 
ber. 

Gage 
height. 

Area  of 
section. 

Mean 
velocitj". 

Dis- 
charge. 

1897. 

Feet  per 

Feet. 

Sq.feet. 

second. 

Sec-feet. 

July  15 

SavannahRiver 

Augusta,  Georgia 

92 

6.  67 

3,309 

1.24 

4,198 

Sept.  28 

Broad  River. .. 

Below,  mouth  of 

92 

1.60 

275 

1.71 

472 

South  Fork. 

Do.. 

South  Fork  of 

92 

1.60 

55 

1.90 

150 

Broad  River. 

Sept.  29 

Augusta  Canal. 

Augusta,  Georgia 

11 

1,  274 

2.02 

2, 576 

Do.. 

Warwick  Mill 

 do  

11 

40 

1.59 

64 

Race. 

Do.. 

SavannahRiver 

North  Augusta 

11 

5. 17 

2,  440 

1.30 

3, 180 

bridge. 

Nov.  6 

 do  

Augusta,  Georgia 

92 

6.20 

2,  836 

1.52 

4,311 

ALTAMAHA  RIVER. 


The  drainage  basin  of  this  river  occupies  a  large  area  iu  central 
Georgia.  The  Altamalia  is  formed  by  the  junction  of  tlie  Oconee  and 
Ocmulgee.  The  former  stream  heads  near  Gainesville,  on  the  southern 
slope  of  Chattahoochee  ridge,  which  sei)arates  the  head  waters  of  tliis 
stream  from  those  of  Chattahoochee  Kiver.  The  upper  gaging  station 
is  located  at  Gary,  immediately  below  the  mouth  of  Apalachee  Kiver, 
described  in  Water-Supply  and  Irrigation  Paper  No.  15,  p.  41. 

OCONEE  RIVER. 

The  United  States  Weather  liureau  has  maintained  gage  readings 
on  Oconee  Kiver  at  Dublin  since  1<S94.  During  1897  a  number  of  dis- 
charge measurements  were  made  at  this  ])oint,  but  not  a  sullicient 
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number  on  which  to  base  a  rating  curve.  The  Weather  Bureau  discon- 
tinued its  readings  at  the  end  of  April,  but  the  station  will  be  resumed 
in  1898  under  the  direction  of  this  office.  A  measurement  made  on 
the  river  December  9,  1897,  at  the  Northeastern  Railroad  bridge  near 
Athens,  Georgia,  gave  a  discharge  of  172  second-feet. 


Bating  table  for  Oconee  River  at  Gary,  Georgia,  for  1897. 


Gage 
heiglit. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
heiglit. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feel. 

Second-feet. 

Feet. 

Second-feet. 

0.0 

240 

1.6 

560 

3.2 

1,848 

4.8 

3,  450 

0.2 

260 

1.8 

675 

3.4 

2,  024 

5.0 

3,  750 

0.4 

290 

2.0 

815 

3.6 

2,  200 

5.2 

4,  080 

0.6 

320 

2.2 

970 

3.8 

2,  376 

5.4 

4,  500 

0.8 

350 

2.4 

1, 144 

4.0 

2,  554 

5.6 

4,  950 

1.0 

380 

2.6 

1,320 

4.2 

2,  750 

5.8 

5,410 

1.2 

415 

2.8 

1,496 

4.4 

2, 965 

6.0 

5,  870 

1.4 

470 

3.0 

1,  672 

4.6 

3, 200 

Estimated  vionthly  discharge  of  Oconee  River  at  Gary,  Georgia. 
[Drainage  area,  1,346  square  miles.] 


Month. 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Eun-oflf. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1896. 

1,  800. 

750 

867 

3,610 

790 

1,232 

1897. 

Janiaary  

10,  000 

675 

2, 114 

129,  985 

1.81 

1.57 

February  

7,250 

1,  232 

2,905 

161,  335 

2. 25 

2. 16 

March  1-13, 18-31... 

10,  000 

1, 584 

3,  482 

181,  462 

2. 61 

2.59 

April  9-30  

4,  720 

1,  232 

1,  955 

85,  309 

1.19 

1.45 

May  

2,554 

740 

1, 130 

69, 480 

0.  97 

0.  84 

June  

1,  232 

510 

800 

47,  605 

0.  65 

0.  59 

July  

5, 410 

335 

1,  358 

83, 500 

1.16 

1.01 

August  

2,  650 

415 

948 

58,  290 

0.  81 

0.70 

September  

740 

a  250 

460 

27,  370 

0.  38 

0. 34 

1,  584 

895 

740 

45,  500 

0. 63 

0. 55 

November  

2,112 

560 

829 

49,  330 

0. 69 

0. 62 

December  

1,  496 

815 

1, 116 

68,  620 

0. 95 

0. 83 

a  The  low-water  height  reported  at  Gary  from  September  7  to  September  16,  1897,  was  probably 
caused  by  the  opening  for  repairs  of  a  dam  2  or  3  miles  below  this  point.  An  inspection  of  the  con- 
ditions at  Macon  and  other  stations  shows  that  this  period  did  not  include  the  lowest  water  of  the 
year  but  that  the  minimum  occurred  during  the  first  two  weeks  in  October.  Leaving  out  of  accoant 
this  period  of  sudden  apparent  low  water,  the  lowest  gngo  reading  at  Gary  was  1.10  on  October  4.  A 
measurement  made  on  that  day  at  1.08  showed  a  discharge  of  381  second-feet. 
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APRI  L 
10  20 


MAY 

10  20 


JUNE 
10  20 


JULY 
10  20 


AUG 
10  20 


SEPT 
10  20 


OCT 
10  20 


NOV 
10  20 


DEC 
10  20 


S«c.-ft. 
12, 000 


Flu.  56. — Diacliarge  of  Oconoe  River  at  Gary,  Georgia,  1897. 
YELLOW  RIVER. 

Yellow  River  is  an  important  tributary  of  tlie  Ocmulgee.  Its  liead- 
water.s  are  in  Owinnett  County,  only  a  sbort  distance  from  Chattahoo- 
cbee  Eiver.  Tbe  gaging  station  was  establisbed  at  Almon,  3  miles 
west  of  Covington,  Georgia,  September  12,  1897.  It  is  described  in 
Water-Supply  and  Irrigation  Paper  Xo.  15,  p.  43. 

Bating  table  for  Yelloiv  Biver  at  Almon,  Ceorgia. 
[This  table  is  applicable  from  September,  1896,  to  December  31,  1897.] 


Gage 
height. 

Discharge. 

Gage 
heignt. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
heignt. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

0.7 

^  60 

1.8 

152 

2.9 

450 

4.0 

912 

0.8 

65 

1.9 

165 

3.0 

492 

4.1 

954 

0.9 

71 

2.0 

179 

3.1 

534 

4.2 

996 

LO 

78 

2.1 

194 

3.2 

576 

4.3 

1,  038 

1.1 

85 

2.2 

211 

3.3 

618 

4.4 

1,080 

1.2 

93 

2.3 

231 

3.4 

660 

4.5 

1,122 

1.3 

101 

2.4 

256 

3.5 

702 

4.6 

1, 164 

1.4 

110 

2.5 

290 

3.6 

744 

4.7 

1,206 

L5 

120 

2.6 

326 

3.7 

786 

4.8 

1,248 

1.6 

130 

2.7 

366 

3.8 

828 

4.9 

1,290 

1.7 

140 

2.8 

408 

3.9 

870 

5.0 

1,  332 
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Estimated  monthly  discharge  of  Yellow  River  at  Almon,  Georgia. 
[Drainage  area  379  square  miles.] 


Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Ean-oir. 

Maxi. 
muni. 

Mini- 
mum. 

Mean. 

Deptli  in 
inches. 

Second- 
feet  per 
square 
mile. 

1897. 

September  12-30.. .. 

112 

93 

101 

3,  806 

0.  18 

0.  27 

October  

171 

85 

119 

7,317 

0.  36 

0.31 

November  

179 

120 

141 

8,390 

0  41 

0.37  ■ 

December  

450 

160 

215 

13,  219 

0.  66 

0.  57 

OCMULGEE  RIVER. 

Ocmulgee  Eiver  heads  iu  the  city  of  Atlanta,  Georgia,  as  South 
Elver,  and  flows  In  a  general  southeasterly  direction,  crossing  the  fall 
line  at  Macon,  Georgia,  which  is  the  head  of  navigation.  A  gaging 
station  is  located  at  Macon  and  is  described  in  Water-Supply  and 
Irrigation  Paper  No.  15,  p.  44. 

The  following  table  gives  the  list  of  discharge  measurements  on 
Ocmulgee  Eiver  at  Macon,  Georgia.  The  i)rincipal  facts  are  also  shown 
in  the  accompanying  figure  (fig.  57),  in  which  vertical  distances  rei^re- 
sent  the  height  of  water  on  the  gage  and  horizontal  distances  the 
quantity  of  discharge.  The  plotted  points  obtained  by  measurement 
are  shown  by  the  small  circles,  which  are  numbered  to  corresi)ond  with 
the  figures  in  the  left-hand  column  of  the  table.  Near  or  through  these 
is  drawn  a  smooth  curve,  from  which  the  values  for  the  rating  table 
have  been  obtained. 


List  of  discharge  measurements  on  Ocmulgee  Biver  at  Macon,  Georgia. 


No. 

Date. 

Hydrographer. 

Meter 
num- 
ber. 

Gage 
height. 

Area  of 
section. 

Mean, 
velocity 

per 
second. 

Discharge. 

1895. 

Feet. 

Sq.feet. 

Feet. 

Sec-feet. 

1 

Oct.  18 

C.C.Babb   

76 

0. 39 

784 

1.04 

813 

a2 

Oct.  23 

 do  

76 

0. 20 

726 

1.06 

767 

3 

Dec.  13 

 do  

62 

1.59 

1,045 

1.46 

1,530 

1896. 

4 

Jan.  28 

B.  M.  Hall  

8 

5.  52 

2, 107 

1.63 

3, 436 

5 

Juue  12 

8 

— 0. 10 

539 

1.47 

791 

6 

June  30 

Max  Hall  

8 

— 0. 82 

372 

1.19 

442 

7 

Aug.  6 

 do  

16 

2.  97 

1,659 

1.23 

2,045 

b8 

Aug.  31 

 do  

11 

—0. 13 

837 

0. 778 

651 

9 

Oct.  15 

 do  

11 

— 0. 35 

741 

0. 63 

572 

a  The  same  as  No.  1.  6  The  same  as  No.  5. 
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Zixt  of  discharge  measurements  on  Ocmulgee  River  at  Macon,  Georgia — Continued. 


10 

11 

12 
13 
ol4 
515 
16 
cl7 
cl8 
19 
20 

21 


Date. 


1897. 
Mar.  15 
May 
May 
May 
June  11 
Juno  12 
June  29 
Sept 
..  .do 
Nov. 
Dec. 


4 
5 
18 


23 


1898. 
Jan.  7 


Ilydrographer. 


B.  M.  Hall  . . 

 do  

 do  

Max  Hall... 

P..\.  Dallis. 
 do  

B.  M.  Hall . . 

Max  Hall... 
 do  

A.  P.  Davis . 

Mas  Hall . . . 


.do 


^  Meter 
.  num- 
ber. 

Gage 
height. 

Area  of 
section. 

Mean 
velocity 

per 
second. 

Discharge. 

Feet. 

Sq./eet. 

Feet. 

Sec-feet. 

91 

16.  75 

5,862 

4.356 

25,  535 

yi 

4.  OU 

1,  Olz 

1.  iVO 

o  Txr* 
lOU 

'  91 

3. 50 

1, 402 

1.623 

2,275 

11 

2. 10 

1,  092 

1.458 

1,  592 

U 

2. 85 

1,  325 

1.59 

2,  111 

14 

1.85 

1,  045 

1.42 

1,479 

91 

0.  90 

829 

1.213 

1,005 

92 

— 0. 35 

522 

0. 967 

501 

92 

—0.35 

602 

0. 825 

497 

94 

0. 60 

627 

1.17 

735 

92 

1.20 

948 

1.43 

1,  356 

92 

0.42 

731 

1.23 

8i)9 

a  The  same  as  Ko.  7. 


b  The  same  as  Xo.  3.        c  The  same  as  Xo.  9.    At  new  iron  bridge. 


*J 

r" 

'■>J 

Mi 

le 

Feet. 

15 


13 


11 


-1 


o 

o 
o 


Fio.  57. — liating  curve  for  Macon  station  on  Ocmulgee  Kiver,  Georgia. 
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Bating  table  for  Ocmulgee  Rimr  at  Macon,  Georgia,  for  1897. 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet, 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

—0.6 

450 

2.0 

I,  604 

5.4 

3,  351 

8.8 

6, 120 

—0.5 

481 

2.2 

1, 698 

5.6 

3,  474 

9.0 

6,  430 

—0.4 

516 

2.4 

1,  793 

5.8 

3,  598 

9.5 

7,450 

—0.3 

554 

2.6 

1, 888 

6.0 

3,722 

10.0 

8,700 

—0.2 

594 

2.8 

1,  985 

6.2 

3,  846 

10.5 

9,  950 

—0.1 

636 

3.0 

2,  083 

6.4 

3, 975 

11.0 

11,  200 

0.0 

680 

3.2 

2, 182 

6.6 

4,109 

11.5 

12,  450 

0.1 

726 

3.4 

2,  280 

6.8 

4,251 

12.0 

13,  700 

0.2 

772 

3.6 

2,379 

7.0 

4,  400 

12.5 

14,  950 

0.4 

864 

3.8 

2,  478 

7.2 

4,  554 

13.0 

16,  200 

0.6 

956 

4.0 

2,  577 

7.4 

4, 716 

13.5 

17,450 

0.8 

1, 048 

4.2 

2, 676 

7.6 

4,  884 

14.0 

18,  700 

1.0 

1, 140 

4.4 

2,  779 

7.8 

5,  053 

15.0 

21,  200 

1.2 

1, 232 

4.6 

2,  886 

8.0 

5,225 

16.0 

23,  700 

1.4 

1,  324 

4.8 

2,997 

8.2 

5,  408 

17.0 

26,  200 

1.6 

1,  416 

5.0 

3, 112 

8.4 

5,  616 

18.0 

28,  700 

1.8 

1,  510 

5.2 

3,230 

8.6 

5,  850 

Estimated  monthly  discharge  of  Ocmulgee  River  at  Macon,  Georgia. 
[Drainage  area,  2,425  square  miles.] 


Month. 

Discharge  in  second-feet. 

Total  In  acre- 
feet. 

Eun-off. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1897. 

January   

4,  400 

882 

1,  369 

84, 180 

0. 64 

0.56 

February   

17,  450 

1,584 

4,  275 

237,  422 

1.83 

1.76 

March  

28,  700 

1,  604 

.8,  877 

545,  825 

4. 22 

3. 66 

21, 575 

1,  604 

5,  463 

325,  070 

2. 51 

2. 25 

May  

2,221 

1,  269 

1,  692 

104,  040 

0. 81 

0.70 

June  

2,  206 

1,094 

1, 732 

103,  060 

0.  79 

0. 71 

July  

8,  250 

781 

1,913 

117,  625 

0. 91 

0.79 

6, 120 

772 

1,  759 

108, 155 

0. 84 

0.73 

September  

1,  416 

481 

715 

42,  545 

0.  32 

0. 29 

October  

1,  048 

442 

622 

38,  245 

0. 30 

0. 26 

November  

2, 132 

481 

780 

46,  415 

0.  36 

0. 32 

December  

1,  361 

864 

1,059 

65,  116 

0. 51 

0. 44 

The  year   

28,  700 

442 

2, 521 

1, 817,  698 

14.04 

1.04 
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Pig.  58. — Discharge  of  Ociuulgee  River  at  Macoii,  Georgia,  1897. 


GUIiF  OF  MEXICO  WATERSHED. 


FLINT  RIVER. 

Apalacliicola  Kiver  is  formed  by  the  junction  of  Chattahoochee  and 
Flint  rivers  at  the  Florida  State  line.  The  drainaj^e  basin  of  the  former 
river  is  somewhat  peculiar.  It  is  long  and  narrow,  occupies  a  central 
portion  of  the  State  of  Georgia,  and  extends  in  a  southwesterly  direc- 
tion, liy  a  glance  at  the  map  it  is  seen  that  the  upper  Chattahoochee 
River  Hows  api)roximately  at  right  angles  to  the  general  direction  of 
the  rivers  of  the  Altamaha  system.  The  former  stream  also  receives 
the  drainage  of  nearly  the  entire  eastern  slope  of  the  Blue  Eidge  in  the 
State,  cutting  this  drainage  ofl'  from  the  tributarie  in  the  Altamaha 
Basin.  As  the  result  of  draining  a  more  mountainous  area  and  one 
whicli  receives  a  larger  yearly  precipitation  one  would  expe(;t  the  ('hat- 
talioocliee  to  hav  e  a  larger  yearly  run-off";  and  an  inspection  of  the  run- 
off" tables  for  1890  and  1897  shows  that  this  expectation  is  realized. 

June  7,  1897,  a  gaging  station  was  established  on  Flint  Kiver,  near 
Molina,  Georgia,  described  in  AVater  Sui)ply  and  Irrigation  Paper  Xo. 
15,  p.  45.    A  number  of  important  shoals  occur  along  this  river. 
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List  of  discharge  measurements  of  Flint  Biver  at  Molina,  Georgia. 


■IX  JJ. 

Meter 
number. 

Gage 
(feet). 

Area  of 
section 
(square 
feet). 

Mean  veloc- 
ity ( feet  jHT 
second). 

Discharge 
(secoud 
feet) . 



1 

May  21 

B.M.  Hall  

91 

1.50 

791 

0.81 

641 

2 

June  7 

Mox  Hall  

91 

1.75 

869 

0.  815 

707 

3 

June  23 

B.M.  Hall  

91 

1.70 

837 

0.  832 

697 

4 

Aug.  25 

Mox  Hall  

92 

3.30 

1,091 

2.  605 

2,  843 

5 

Nov.  8 

A.  P.  Davis  

94 

1.70 

816 

0.  32 

264 

6 

Dec.  7 

Mox  Hall  

92 

2. 10 

911 

0.  645 

588 

1898. 

7 

Feb.  28 

 do  

92 

1.80 

828 

0. 553 

458 

8 

Apr.  21 

 do  

92 

2.00 

837 

1.05 

877 

9 

May  28 

 do  

92 

1.25 

722 

0.43 

313 

These  discharge  measurements  were  carefully  made,  and  there  is  no 
doubt  that  they  represent  the  discharge  of  the  river  at  the  time  that 
they  were  taken.  They  show,  however,  that  the  discharge  at  this  sta- 
tion has  no  fixed  relation  to  the  gage  height.  The  alternate  accumu- 
lation and  washing  out  of  sediment  in  an  eddy  half  a  mile  below 
affected  the  gage  to  such  an  extent  as  co  render  worthless  the  records 
of  gage  height.  The  station  has,  therefore,  been  discontinued.  It  is 
clearly  impossible  to  construct  a  curve  and  rating  table  from  the  dis- 
charge measurements;  but  the  discharge  measurements  without  refer- 
ence to  gage  heights,  being  well  distributed  over  a  i)eriod  of  twelve 
months,  give  a  fair  idea  of  the  flow  of  the  stream.  Minimum  discharge 
can  not  be  accurately  arrived  at,  but  it  can  be  safely  asserted  that  the 
discharge  has  rarely  been  less  than  that  shown  by  measurement  No.  5. 
The  low  velocity' in  this  measurement  as  compared  with  measurement 
No.  3  shows  that  the  gage  height  of  1.70  was  not  due  to  the  actual  stage 
of  the  stream,  but  to  obstructions  below. 


JAN 

10  20 

FEB 

10  20 

MARCH 
10  20 

APRIL 
10  20 

MAY 

10  20 

JUNE 
10  20 

JULY 
10  20 

AUG 
10  20 

SEPT 
10  20 

OCT 
10  20 

NOV 
10  20 

DEC 
10  20 

A 

'O 

C 

?/? 

Sec.-ft. 
6, 000 

5.  000 

4,000 

3,000 

2,  000 

1,000 

0 


Fig.  59.— Discharge  of  Flint  Eiver  at  Molina,  Georgia,  1897. 
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CHATTAHOOCHEE  RIVER. 

A  large  number  of  important  water-power  privileges  occur  on  tlie 
tributaries  as  well  as  ou  the  main  Chattahoochee.  The  most  important 
fall  occurs  near  Columbus,  where  the  river  descends  120  feet  in  4 
miles.  A  fall  of  362  feet  from  West  Point  to  Columbus,  a  distance  of  34 
miles,  occurs  in  a  number  of  shoals  separated  by  stretches  of  compar- 
atively (piiet  water.  Bull  Sluice,  14  miles  from  Atlanta,  Georgia,  has  a 
fall  of  ."iO  feet  in  about  4  miles;  and  the  Vining  Shoal,  8  miles  from 
Atlanta,  has  a  fall  of  32  feet  in  about  4  miles.  Elaborate  surveys  of 
these  shoals  have  been  made  by  comijanies,  with  the  object  of  develop- 
ment and  electric  transmission  to  Atlanta.  Two  gaging  stations  are 
maintained  on  Chattahoochee  Eiver — one  at  Oakdale  and  the  other  at 
West  Point,  Georgia.  They  are  described  in  Water-Supply  and  Irriga- 
tion Paper  ^o.  15,  pp.  46-47. 


Bating  table  for  Chattahoochee  River  at  Oakdale,  Georgia,  for  1897. 


Gage 
height. 

Discharge. 

!  Gage 
'  height. 

Discharge. 

Gage 
I  height. 

Discharge. 

Gage 
heignt. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

—0.5 

675 

2.6 

2,  702 

6.4 

7,  580 

10.2 

12,  710 

—0.4 

725 

2.8 

2,  870 

6.6 

7,  850 

10.4 

12, 980 

—0.3 

775 

3.0 

3,  060 

6.8 

8.  120 

10.6 

13,  250 

—0.2 

825 

3.2 

3,  275 

7.0 

8,  390 

10.8 

13, 520 

—0.1 

876 

3.4 

3, 530 

7.2 

8,  660 

11.0 

13,  790 

0.0 

928 

3.6 

3,  800 

7.4 

8, 930 

11.2 

14, 060 

0.1 

980 

3.8 

4,  070 

7.6 

9,  200 

11.4 

14,  330 

0.2 

1,  035 

4.0 

4,  340 

7.8 

9,470 

11.6 

14,  600 

0.4 

1,148 

4.2 

■  4,  610 

8.0 

9,  740 

11.8 

14, 870 

0.6 

1,  266 

4.4 

4,  880 

'  8.2 

10,  010 

12.0 

15, 140 

0.8 

1,  388 

4.6 

5, 150 

8.4 

10,  280 

12.5 

15,  815 

1.0 

1,515 

4.8 

5, 420 

8.6 

10,  550 

13.0 

16, 490 

1.2 

1,647 

5.0 

5, 690 

8.8 

10,  820 

13.5 

17, 165 

1.4 

1,  785 

5.2 

5,  960 

9.0 

11,090 

14.0 

17,  840 

1.6 

1,927 

5.4 

6,  230 

9.2 

11.  360 

14.5 

18,  515 

1.8 

2,  075 

5.6 

6.  500 

9.4 

11, 630 

1.5.0 

19, 190 

2.0 

2,  226 

5.8 

6,  770 

9.6 

11, 900 

16.0 

20, 540 

2.2 

2,  380 

6.0 

7,040 

9.8 

12, 170 

17.0 

21,  890 

2.4 

2,540 

1  6.2 

7,  310 

10.0 

12,  440 
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Estimated  monthly  discharge  of  Chattahoochee  River  at  Oakdale,  Georgia. 
[Drainage  area,  1,560  square  miles.] 


Discharge  in  second-feet. 

Run  off. 

Total  in  acre- 

Second- 

\TnTit.li 

It  K  \JSA  L'  LI  • 

feet. 

Maxi- 

Mini- 

Mean. 

Depth  in 

feet  per 

mum. 

mum. 

inches. 

square 

mile. 

1897. 

9,  065 

1,  035 

2,  575 

158,  330 

1. 90 

1. 65 

February   

6,  365 

2, 150 

3,  734 

207,  376 

2.  49 

2.39 

March  

15,  950 

2,  075 

5,  658 

347,  897 

4. 19 

3.63 

April  

21,  890 

2,  226 

5, 147 

306,  270 

3. 68 

3. 30 

May  

4,  475 

1,515 

2, 130 

130,  970 

1.  58 

1.37 

1, 891 

1, 091 

1,  438 

85,  5^7 

1.02 

0. 92 

July  

15,  545 

1, 177 

3,  360 

206,  598 

2.  48 

2. 15 

August  

2,  965 

1,  007 

1, 452 

89,  280 

1.07 

0.  93 

September  

1,206 

725 

845 

50,  280 

0.  60 

0.  54 

October  

1,  855 

675 

979 

60,  226 

0.  72 

0.  63 

November  

2, 113 

876 

1,078 

64, 145 

0.  77 

0.69 

December  

3,  013 

1,  206 

1,845 

113,  445 

1.36 

1.18 

The  year  

21,  890 

675 

2,  520 

1, 820,  384 

21.86 

1.62 

SEPT. 
10  20 


JAN 
10  20 


FEB  MARCH  APRIL 
10  20  I  10  20  I   10  20 


MAY 

10  20 


JUNE 
10  20 


JULY 
10  20 


AUG. 
10  20 


OCT. 
10  20 


NOV 

10  20 


DEC 
10  20 


Sec.-ft. 
12,  000 

11, 000 
10,  000 
9, 000 
8,  000 
7,000 
6,  000 
5,  000 
4,000 
3, 000 
2, 000 
],000| 
01 


[ 
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The  followino-  table  gives  the  list  of  discbarge  measurements  on 
Cbattaboocbee  Kiver  at  West  Point,  Georgia.  The  principal  facts  are 
also  shown  in  the  accompanying  figure  (fig.  01),  in  which  vertical  dis- 
tances represent  the  height  of  water  on  the  gage  and  horizontal 
distances  the  quantity  of  discharge.  The  plotted  points  obtained  by 
measurement  are  shown  by  the  small  circles  which  are  luimbered  to 
correspond  with  the  figures  in  the  left-hand  column  of  the  table.  Near 
or  through  these  is  drawn  a  smooth  curve  from  which  the  values  for 
the  rating  table  have  been  obtained. 

List  of  discharge  measurements  made  on  Chattahoochee  River,  at  West  Point,  Georgia. 


No. 


14 

hlo 


Date. 


Hydrographer. 


Max  Hall. 

 do  ... 

 do  ... 

 do  ... 

 do  ... 


1896. 

1  July  30 

2  Aug.  14 
a  3  Sept.  5 

4  Sept.  25 

65  Oct.  28 

I  1897. 

6  Jan.  23  |  B.  M.  Hall 

7  Apr.   26  j  Max  Hall. 

8  May     4  '  do  ... 

9  May   19  j  do  . .. 

10  June    5   do  . . . 

11  June  19 

12  July  8 

13  July  23 


Aug.  14 
Sept.  4 
cl6    Sept.  22 
17    Nov.  9 


....do  .... 
....do  .... 
....do  . ... 
....do  .... 

....do   

 do  

A.  P.  Davis 


18  Nov.  23    Max  Hall. 

19  Dec.   17   do  . .. 

1898.  I 

20  Jan.   18  '  do  ... 


Meter 
No. 


16 
16 
11 
8 
11 

11 
91 
11 
91 
14 
91 
70 
92 
92 
92 
92 
94 
92 
92 

92 


Ga^e  Area  of 
height.  section. 


Feet. 
2. 45 
1. 72 
1.20 
1.15 
1.75 

6.  66 
3. 70 
4. 13 
3.00 
2. 90 
2. 59 
3.03 
5. 01 
2. 12 
1.80 
1.20 
1.71 
1.60 
3. 14 

2.  45 


Sq./eet. 
3,249 
3, 077 
2,  857 

2,  792 
2, 883 

4, 597 

3,  855 
4,082 
3,  556 
3, 552 
3,  407 

3,  562 

4,  339 
3,269 
3,072 
2,790 
3,135 
2, 969 
3,760 

3, 353 


Mean 
velocity. 


Feet  per 
second. 

0.  748 

0. 515 

0. 352 

0.  37 

0. 57 

2. 59 
1.413 
1.526 
1.00 
0.915 
0.  861 
0.  974 
1.8  + 
0.  588 
0. 55 
0.  353 
0. 43 
0. 45 
1.06 

0.  79 


Discharge. 


Sec.  feet. 
2, 430 
1,594 
1,006 
1,030 
1,  642 

11,  921 
5, 448 

6,  230 
3, 557 
3,  253 
2,934 
3, 470 

7,  853 
1,  915 
1,690 

985 

1,  345 
1, 322 
3,989 

2,  648 


a  Too  small. 


b  The  same  as  No.  2. 


c  The  same  as  No.  3. 


« 
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6 



IS 

If 

f 

Feet. 
6 


<3  O 

CM  O 

.;  O 


o 
o 
o 


o 
o 


o 
o 
o 


o 


o 
o 
o 


Fig.  61.— Kating  curve  for  West  Point  station  on  Chattahoochee  River,  Georgia. 
Bating  table  for  Chattahoochee  River  at  West  Point,  Georgia,  for  1897. 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
heignt. 

Discharge. 

Gage 
height. 

Discharge. 

Feel. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

1.0 

860 

3.6 

4,  928 

6.2 

10,  856 

8.8 

16,  784 

1.2 

995 

3.8 

5,  384 

6.4 

11,  312 

9.0 

17,  240 

1.4 

1, 150 

4.0 

5, 840 

6.6 

11,  768 

9.5 

18,  380 

1.6 

1,  325 

4.2 

6,296 

6.8 

12,  224 

10.0 

19, 520 

1.8 

1,520 

4.4 

6,  752 

7.0 

12,  680 

10.5 

20,  660 

2.0 

1,  750 

4.6 

7,  208 

7.2 

13, 136 

11.0 

21, 800 

2.2 

2,  020 

4.8 

7,  664 

7.4 

13,  592 

11.5 

22,  940 

2.4 

2,  330 

5.0 

8, 120 

7.6 

14,  048 

12.0 

24,  080 

2.6 

2,  680 

5.2 

8,  576 

7.8 

14,  504 

12.5 

25,  220 

2.8 

3,105 

5.4 

9,032 

8.0 

14,  960 

13.0 

26, 360 

3.0 

3,  560 

5.6 

9,488 

8.2 

15, 416 

13.5 

27,  500 

3.2 

4,  016 

5.8 

9,  944 

8.4 

15,  872 

14.0 

28,  640 

3.4 

4,472 

6.0 

10, 400 

8.6 

16,  328 
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Estimated  monthly  discharge  of  Chattahoochee  Biver  at  West  Point,  Georgia. 


[Drainage  area,  3,300  square  miles.] 

Discharge  in  second-feet. 

Eun-off. 

Maxi- 
mum. 

Mini- 
mum. 

Total  in  acre- 
feet. 

Depth  iu 
inches. 

Second- 
feet  per 
square 
mile. 

1."),  416 

1,  630 

4,  246 

261,  076 

1.49 

1.29 

13,  592 

3,  902 

8,  468 

470,  290 

2.68 

2. 57 

28;  868 

4,  700 

13,  000 

799,  340 

4.55 

3.94 

21, 800 

4,  928 

9, 241 

549, 878 

3. 12 

2.  80 

5,840 

2,782 

4, 060 

249,  640 

1.42 

1.23 

3,  446 

1,  630 

2,662 

158, 400 

0. 90 

0.81 

22,  712 

1,  520 

5,  038 

309,  775 

1.76 

1.53 

15, 188 

1,  630 

4,  213 

259,  050 

1.48 

1.28 

1,520 

925 

1, 112 

66, 170 

0.  38 

0.  34 

3, 560 

830 

1, 277 

78, 520 

0.  45 

0.  39 

2,  782 

892 

1,  431 

85, 150 

0. 48 

0. 43 

6, 524 

2,  330 

3,  732 

229, 470 

1.30 

1. 13 

28,  868 

830 

4,  875 

3,  516,  758 

20.  01 

1.48 

Month. 


1897 


November 


FlCi.  62.— Discharge  of  Chattahoochee  lliver  at  "West  Tojut,  Georgia,  1897 
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List  of  miscellaneous  discharge  measurements,  Apalachicola  Basin. 


Date. 


1897. 

May  21 
May  24 
May  28 

Do... 
June  11 
June  12 
June  23 
June  30 
July  29 
July  30 

Do... 
July  31 

Do... 

Sept.  11 
Sept.  22 
Sept.  24 
Sept.  30 
Oct  5 

Oct.  6 
Do... 
Nov.  12 

Nov.  13 
Dec.  8 


Stream . 


Flint  River  

Peachtree  Creek. . , 

 do  

Procters  Creek  . . . 

Plint  Eiver  

Sweetwater  Creek 
Eed  Oak  Creek  ... 
Peach  tree  Creek . . . 
Chestatee  Kiver  . . . 

Tahoola  Ditch  

Cane  Creek  , 

Yahoola  Creek  

Chattahoochee 

River. 
Sweetwater  Creek. 
Peachtree  Creek... 
Rottonwood  Creek. 
Sweetwater  Creek. 
Chattahoochee 

River. 

Warm  Spring  

Cold  Spring  

Chattahoochee 

River. 

 do  

Peachtree  Creek. . . 


Locality. 


Meter 
nuin- 
her. 


"Woodbury,  Ga  

Near  Atlanta,  Ga  

At  mouth  

 do  

Reynolds,  Ga  

Near  Austell,  Ga  

Near  Molina,  Ga  

Near  Atlanta,  Ga  

Near  Dahlonega,  Ga  . 
At  Dahlonega,  Ga  . . . 
Near  Dahlonega.  Ga  . 

At  mouth  

Near  Gainesville,  Ga. 


Near  Austell,  Ga. . 
Near  Atlanta,  Ga  . 
Near  Vining,  Ga . . 
Near  AusteU,  Ga. . 
Columbus,  Ga  


91 
91 


Gage 
height. 


Feet. 
1.50 
0. 20 


14 
91 
91 
14 
92 
92 
92 
92 
92 

92 
70 


Warm  Springs,  Ga.  a  . 
Bulloch ville,  Ga.  a  .. . 
Roswell,  Ga  


 do  

Near  Atlanta,  Ga  . 


92 
70 

70 
70 
92 

92 
70 


0. 95 
1.00 


0.00 
1.10 


1.  00 

0.43 
-0.40 


0.43 


0.  42 

0. 46 
0. 43 


Area  of 
section. 


Sq.feet. 
881 
36 


1,332 
138 
87 
35 
225 
8.2 
19.4 
22.7 
275 

108 
13 
2 

114 
756 

1.9 
3.1 
994 

1.005 
34 


Mean 
veloc- 
ity. 


Dis- 
charge. 


Feet  per 
second.  \  Sec. -feet. 


0. 73 
1.56 


1.  36 

0.  67 
1.15 
1.14 
1.05 

1.  20 
0. 71 
2. 10 
2. 93 

0.29 
1.04 

2. 00 
0.31 
1.34 

2.21 
1.45 
0. 88 

0. 96 
1.28 


642 
56 
36 
6.5 
1,810 
92 

101  - 

40 
236 

10.3 

14 

48 
810 

32 
13 
4 
35 
1,015 

4.2 
4.5 


968 
44 


a  These  springs,  as  stated  by  B.  M.  Hall,  are  rather  remarkable  for  a  crystalline  or  semicrystalline 
region.  The  first  is  evidently  due  to  a  deep  fi.ssure  in  the  original  gneiss  formation.  The  water  comes 
into  the  bathing  pool  at  a  temperature  of  87J°  F.,  but  the  temperature  is  supposed  to  be  90°  where  the 
w.ater  enters  the  underground  reservoir.  The  cold  spring,  which  has  a  temperature  of  62°  P.,  is  on 
the  opposite  side  of  the  ridge  and  issues  from  an  immense  ledge  of  itocolumite.  This  spring  would  be 
an  excellent  site  for  a  paner  mill  or  some  other  manufacturing  concern  requiring  a  large  supply  of 
clear,  pure  water  and  a  nigh  healthy  location. 

From  tbese  and  similar  measurements  made  in  1896,  published  in  the 
Eighteenth  Annual  Eeport,  Part  IV,  p.  92,  Prof.  B.  M.  Hall  estimates 
that  the  following  relations  hold  good  at  low  water:  The  discharge 
of  the  Chattahoochee  at  Columbus  may  be  approximated  by  adding  18 
per  cent  to  its  discharge  at  West  Point.  The  discharge  of  Sweetwater 
Creek  at  the  mouth  represents  about  one-twentieth  of  the  discharge  of 
Chattahoochee  Eiver  at  Oakdale,  while  that  of  Peachtree  Creek  repre- 
sents about  one-thirtieth  of  that  amount.  It  also  appears  that  the  dis- 
charge of  the  Chattahoochee  at  Shallow  Ford  near  Gainesville  is, 
approximately,  one  half  of  its  discharge  at  Oakdale.  The  Chestatee 
contributes  20  per  cent  of  the  flow  of  the  Chattahoochee  at  Oakdale, 
while  30  per  cent  of  the  latter  comes  from  tributaries  entering  below 
the  mouth  of  the  Chestatee. 
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COOSA  RIVER. 

Crossing-  the  northwestern  boundary  of  the  Chattahoochee  water- 
shed, one  enters  a  country  drained  by  the  tributaries  of  Coosa  River, 
which  is  formed  by  the  junction  at  Rome,  Georgia,  of  Etowah  and 
Oostanaula  rivers.  Wherever  the  streams  cross  what  is  known  as  the 
western  or  Cartersville  fall  line,  falls  of  considerable  magnitude  occur. 
This  line  marlis  the  boundary  between  the  crystalline  rocks  on  the  east 
and  the  later  rocks  of  Paleozoic  age  on  the  west.  It  runs  southerly 
through  the  extreme  eastern  edge  of  Murray,  Gordon,  and  Bartow 
counties,  Georgia,  crossing  Etowah  River  at  Cartersville.  From  Car- 
tersville tliis  fall  line  gradually  bends  southwestward  into  Polk  County, 
where  its  course  is  westward,  passing  into  Alabama.  Coosawattee  River 
crosses  this  fall  line  at  Carters.  The  gaging  stations  on  this  river  or  its 
tributaries  in  the  State  of  Georgia  are  Canton  station  on  Etowah  River, 
Carters  station  on  Coosawattee  River,  and  Resaca  station  on  Oostanaula 
River.  They  are  described  in  Water-Supply  and  Irrigation  Paper  No. 
15,  pp.  48-.")0,  inclusive.  The  Surv^ey  gaging  station,  on  the  main  Coosa 
River,  is  located  at  Riverside,  Alabama,  and  is  described  in  Water- 
Supply  and  Irrigation  Paper  Xo.  15,  p.  51. 

The  Engineer  Corps  of  the  Army  maintained  gage  readings  at  Lock 
Ko.  4,  on  Coosa  River  3  miles  above  Riverside, 

Although  a  number  of  measurements  have  been  made  in  1896,  1897, 
and  1898  which  serve  to  establish  a  relation  between  the  gages  at 
Riverside  and  at  Lock  No.  4,  the  results  have  as  yet  not  warranted  the 
construction  of  a  rating  table  for  the  latter  station. 

At  Lock  No.  5,  20  miles  below  the  station  at  Riverside,  the  United 
States  Engineer  Corps  have  maintained  gage  readings  since  1892. 
Also  from  their  discharge  measurements  of  1893  a  rating  <!urve  has 
been  constructed  and  liublished  in  the  Eighteenth  Annual  Report, 
Part  IV,  p.  102.  It  was  the  intention  to  test  this  rating  curve  in 
1897  by  a  number  of  discharge  measurements,  but  owing  to  the  rigid 
enforcement  of  the  Alabama  quarantine  laws  in  1897  this  could  not  be 
done.  The  stations  at  Lock  No.  4  and  Lock  No.  5  are  described  in 
Water- Supply  and  Irrigation  Pa[)er  No.  15,  p.  51. 

The  shoals  at  Wetum])ka  are  caused  by  the  river  crossing  the  south- 
ern fall  line,  which  is  the  continuation  of  the  one  forming  the  principal 
powers  of  the  streams  of  the  Atlantic  Coast  States  above  described. 
The  gaging  station  at  this  point  is  described  in  Water  Supply  and 
Irrigation  Paper  No.  15,  p.  54.  The  Engineer  Corps  have  gage  read- 
ings at  this  point  since  1889  and  from  tlu^ir  discharge  measurements 
made  in  1891  a  rating  table  lias  been  made,  but  it  will  not  be  applied 
until  its  accuracy  can  l)e  verified  by  future  discharge  measurements. 
This  could  not  be  d<me  in  1897  on  account  of  the  Alabama  quarantine. 
19  GEOL,  PT  4  16 
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Rating  table  for  Etowah  Biver  at  Canton,  (ieorgia,  for  1897. 


Gage  height. 

Discharge. 

Gage  height. 

Discbarge. 

Jan.  1  to 
Oct.  10. 

Oct.  n  to 

Dec.  31. 

Jan.  1  to 
Oct.  10. 

Oct.  11  to 
Dec.  31. 

Feet. 

Second  feet. 

Second  feet. 

Feet. 

Second-feet. 

Second-feet. 

—0.7 

244 

2.0 

2, 150 

1,981 

-0.6 

284 

2. 2 

2,316 

2, 155 

—0.5 

344 

2.4 

2, 482 

2,  329 

—0.4 

405 

2.6 

2,648 

2,  503 

—0.3 

467 

2.8 

2, 814 

2,677 

—0.2 

530 

3.0 

2,980 

2,  851 

n  1 
— yj,  J- 

593 

3, 395 

0.0 

657 

275 

4.0 

3, 810 

0.2 

788 

415 

4.5 

4,225 

0.4 

922 

589 

5.0 

4, 640 

0.6 

1,059 

763 

6.0 

5,  470 

0.8 

1, 200 

937 

7.0 

6, 300 

1.0 

1,  347 

1,  111 

8.0 

7,  130 

1.2 

1, 498 

1,285 

9.0 

7, 960 

1.4 

1,  655 

1, 459 

10.0 

8,790 

1.6 

1, 818 

1,633 

11.0 

9,620 

1.8 

1,984 

1,807 

Estimated  monthli/  discharge  of  Etowah  River  at  Canton,  Georgia. 
[Drainage  area,  604  square  miles.] 


Discharge  in  second-feet. 

Runoff. 

Month. 

Total  in  acre- 
feet. 

Second- 

"  Maxi- 

Mini- 

Mean. 

Depth  in 

feet  per 

mum. 

mum. 

inches. 

square 

mile. 

1897. 

Januarv  

3, 478 

593 

1, 194 

73, 420 

2.28 

1.  98 

February   

2,316 

1,059 

1,  291 

71,  700 

2.  23 

2. 14 

March  

6,  466 

1,059 

2,335 

143,  574 

4.45 

3. 86 

April  

9,786 

1,  200 

2, 238 

133, 170 

4. 14 

3.  71 

May   

2, 150 

722 

1,036 

63,  700 

1.98 

1.72 

June  

2, 980 

657 

941 

55,  995 

1. 74 

1.56 

July  

6,  383 

657 

1, 186 

72, 925 

2. 26 

1.96 

1,  347 

405 

859 

52,  817 

1.64 

1.42 

1,^00 

284 

355 

21, 124 

0.65 

0.  59 

1,285 

244 

583 

35, 848 

1.12 

0. 97 

November  

937 

335 

563 

33, 501 

1.07 

0. 96 

December  

1,981 

676 

934 

57,  430 

1.79 

1.55 

The  year  

9,786 

244 

1, 134 

815, 204 

25. 35 

1.87 
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Fio.  63. — Discbarge  of  Etowah  River  at  Cantou,  Georgia,  1897. 


Rating  table  for  Coosatoattee  River  at  Carters,  Georgia,  for  1897. 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge.  ! 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feel. 

0.6 

219 

1.8 

674 

3.4 

1,  568 

5.0 

2, 560 

0.7 

250 

2.0 

771 

3.6 

1, 692  i 

,5.2 

2,  684 

0.8 

284 

2.2 

872 

3.8 

1,  816 

5.4 

2,808 

0.9 

318 

2.4 

977 

4.0 

1,  940 

5.6 

2,  932 

1.0 

353 

2.6 

1,086 

'  4.2 

2,  064 

5.8 

3,  056 

1.2 

423 

2.8 

1.  201 

1  4.4 

2,188 

6.0 

3, 180 

1.4 

499 

3.0 

1,320 

4.6 

2,  312 

7.0 

3,  800 

1.6 

583 

3.2 

1,444 

4.8 

2,  436 

1 

4,  420 
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Estimated  monthly  discharge  of  Coosawattee  River  at  Carters,  Georgia. 
[Drainage  area,  532  square  miles.] 


Month. 


1896. 
Augu.st  17-31. 
September  .  . . 

October  

Kovember  

December  


1897. 

.January  

February  

March  1-11,15-31.. 

April  6-30  , 

May  

June  

•Tulv  , 


September 
October . . . 
November . 


Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Run-oflf. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

337 

283 

314 

9,  342 

0.  33 

0. 59 

512 

200 

262 

15,  590 

0. 55 

0. 49 

431 

215 

295 

18, 138 

0.  63 

0.  55 

3,  740 

296 

598 

35, 583 

1.25 

1. 12 

1,  031 

475 

684 

42, 058 

1. 49 

1.29 

2,033 

405 

710 

43,  Bob 

1. 53 

1.33 

3,800 

499 

1,  092 

60,  645 

2. 14 

2.05 

5,660 

698 

2, 178 

120,  960 

4. 27 

4. 10 

2, 870 

1, 320 

1, 846 

91,  538 

3.  22 

3.  47 

1,  940 

674 

959 

58,  965 

2. 08 

1.80 

1, 143 

499 

633 

37,  666 

1.33 

1. 19 

5,600 

460 

787 

48,  390 

1.71 

1.48 

1,630 

284 

496 

30,  498 

1.07 

0.  93 

353 

219 

259 

15, 412 

0. 55 

0. 49 

1,  031 

205 

293 

18,  015 

0. 63 

0.55 

540 

219 

263 

15,  650 

0. 55 

0.  49 

1,630 

265 

444 

27,  300 

0.  95 

0.83 

JAN. 
10  20 

Teb- 

10  20 

MARCH 

10  20 

10  20 

MAY 

10  20 

JUNE 

10  20 

JULY 
10  20 

AUG. 
10  20 

SEPT. 
10  20 

OCT. 
10  20 

NOV. 
10  20 

DEC. 
10  20 

n 

6 

a 

il 

1 

li 

?9 

7 

i 

Li 

1 

■ 

m 

II 

'm 

■  T 

\r 

11 

1 

lllll 

•^■■■"» 

111 

1 

a 

1 

1 
I 

iim 

f 

1 

Sec.-ft. 

5,  OUO 

4,  000 
3,00C 

2,  000 
1,  000 

0 

6,  000 

5,  000 
4,  OOO 

3,  000 

2, 000 
1,  00(1 


Fig.  64.— Discharge  of  Coosawattee  Kiver  at  Carters,  Georgia,  1896  and  1897. 
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Bating  table  for  Ooatanaula  B'lver  at  Resaca,  Georgia. 


[This  table  is  applicable  from  July,  1896,  to  December  31,  1897.] 


Gage 
height. 

Discbarge. 

Gage 
neigut. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

1.0 

350 

2.8 

1, 134 

4.6 

2,510 

6.4 

4, 040 

1.2 

408 

3.0 

1, 250 

4.8 

2,680 

6.6 

4.210 

1.4 

475 

3.2 

1,  377 

.5.0 

2, 850 

6.8 

4,  380 

1.6 

552 

3.4 

1,  514 

5.2 

3,020 

7.0 

4,  550 

1.8 

637 

3.6 

1,  665 

5.4 

3, 190 

7.2 

4,  720 

2.0 

727 

3.8 

1. 830 

5.6 

3,  360 

7.4 

4,  890 

2.2 

822 

4.0 

2,  000 

5.8 

3,  530 

7.6 

5,  060 

2.4 

921 

4.2 

2, 170 

6.0 

3, 700  ; 

7.8 

5,  230 

2.6 

1,025  , 

4.4 

2,340 

6.2 

3, 870 

8.0 

5, 400 

Eatimatfd  monthly  discharge  of  Oostanaula  Rirer  at  Resaca,  (reorgta. 
[Drainage  area,  1,527  square  miles.] 


Month. 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Run  oft". 

Maxi- 
mnm. 

Mini- 
mum. 

Mean. 

Depth  in 
incbes. 

Second- 
feet  per 
.square 
mile. 

1897. 

January   

February  5-22  

March  (a)  

6,  760 
6, 930 

822 
2, 425 

2,  097 
4,055 

128,  940 
144,  900 

1.58 
1.78 

1.37 
2.65 

April  11-30  

.5,  915 

2,  255 

3,  552 

140,  906 

1.73 

2.32 

May  

6,040 

1,  344 

2,  340 

143,  880 

1.76 

1.53 

June  

2,212 

846 

1, 198 

71,  285 

0. 87 

0.  78 

July  

8,600 

798 

2,004 

123,  220 

1.51 

1.  31 

August  

2,000 

594 

969 

59,  581 

0.72 

0.  63 

September  

871 

350 

479 

28,  503 

0.35 

0..S1 

October  

1,250 

338 

506 

31. 112 

0.  38 

0.  33 

November  

871 

475 

551 

32,  786 

0.41 

0.  36 

December  

6, 460 

575 

2, 233 

137,  300 

1.68 

1. 46 

oThe  discharge  through  March  was  beyond  the  limits  of  the  present  rating  table,  and  the  flow  could 
not,  therefore,  be  estimated. 
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Fig.  65. — Discharge  of  Oostanaula  River'at  Resaca,  Georgia,  1897. 

The  following  table  gives  the  list  of  discharge  measurements  made  on 
Coosa  River  at  Riverside,  Alabama.  The  principal  facts  are  also  shown 
in  the  accompanying  figure  (tig.  67),  in  which  vertical  distances  repre- 
sent the  height  of  water  on  the  gage  and  horizontal  distances  the 
quantity  of  discharge.    The  plotted  points,  obtained  by  measurement, 


Fin.  66.— Map  of  Coosa  River  near  Riverside,  Alabama. 

are  shown  by  the  small  circles,  which  are  numbered  to  correspond  with 
the  figures  in  the  left-hand  column  of  the  table.  Near  or  through  these 
is  drawn  a  smooth  curve,  from  which  the  values  for  the  rating  table 
have  been  obtained. 
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List  of  discharge  measurements  made  on  Coosa  River  at  Riverside,  Alabama. 


Sate. 

Hydrographer. 

Meter 
num- 
ber. 

G-age 
heiglit. 

Area  of 
section. 

Mean 
velocity. 

Discharge. 

1896. 

Second- 

Feet. 

Sq.feel. 

second. 

feet. 

1 

Sept.  8 

B.M.  Hall  

8 

0.  70 

2,  520 

0.65 

1,  630 

a2 

Sept.  25 

Max  Hall  

11 

0.50 

2,  426 

0.  58 

1,  403 

3 

Oct.  30 

B.  M.  Hall  

8 

0.88 

2,605 

0.  76 

1,986 

4 

Dec.  21 

 do  

8 

1. 57 

2,  867 

1. 14 

3,  272 

1897. 

5 

Mar.  31 

 do  

91 

4.53 

4,544 

2. 53 

12,515 

6 

June  17 

Max  Hall  

11 

1.54 

2,  990 

1.25 

3,  747 

7 

July  21 

 do  

92 

5. 55 

5,  351 

3. 16 

16,  925 

8 

Aug.  20 

 do  

70 

2.  .58 

3,  704 

1.67 

6, 174 

b9 

Nov.  29 

 do  

92 

0.80 

2,  619 

0.  71 

1,  854 

1898. 

10 

Jan.  28 

 do  

92 

10.00 

7,  378 

4. 11 

30,  3.59 

a  The  same  as  Xo.  1 .  b  The  same  as  Ko.  3. 


6 


4 


2 


0 


lO 

J.  o  o  o  o  o  o  o  o  o  o  o 

O  O  ^  ^  1-^ 


JblG.  67.— Katiug  curve  for  Kiveraide  station  on  CooaaKiver,  Alabama. 
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Bating  table  for  Coosa  River  at  Birernide,  Alaiama,  for  1S97. 


Gage 
height. 

Pischarge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

1 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

0.4 

1,  350 

1.4 

3,  070 

3  0 

7,  530 

7.0 

20,  566 

0.5 

1,  400 

1.6 

3,540 

3.2 

8, 178 

8.0 

23.  826 

0.6 

1, 500 

1.8 

4,  020 

3.4 

8,  830 

9.0 

27.  086 

0.7 

1,650 

2.0 

4,520 

3.6 

9,  482 

10.0 

30,  346 

0.8 

1,820 

2.2 

5, 100 

3.8 

10, 134 

11.0 

33,  606 

0.9 

2,010 

2.4 

5,  700 

4.0 

10,  786 

12.0 

36,  866 

1.0 

2,  210 

2.6 

6,  300 

5.0 

14,  046 

13.0 

40, 126 

1.2 

2, 630 

2.8 

6,  910 

1 

6.0 

17,  306 

14.0 

43,  386 

Estimated  monthly  discharge  of  Coosa  River  at  Riverside,  Alabama. 
[Drainage  area,  6,850  square  miles.] 


Month. 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Run-off. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
.■square 
mile. 

1897. 

January  

Fehrnary  

March  

April  

May  

June  

July  

August  

September  

November  

December  

The  year   

21,  707 
27,  086 
47,  624 
37,  355 
10,  786 
4,  950 
23,  826 
6,  3C0 
3, 540 
3,660 
2, 525 
13,  883 

2,  420 
4,  520 

10,  460 
5, 100 
4, 270 

3,  070 
3,  070 
2,  850 
1,  440 
1,  350 
1, 570 
1,820 

8,  434 
18,  658 
32, 481 
17,  698 
7,040 
3,915 
7, 142 
3,  870 
1,  976 
1, 819 
1,786 
6, 566 

518,  590 
1,  036,  230 
1,  997, 180 
1, 053, 105 
432, 875 
232,  960 
439, 145 
237,  960 
117, 580 
111,  845 
106,  275 
403,  730 

1.42 
2.  83 
5. 47 
2. 87 
1.19 

0.  63 

1.  20 
0.  64 
0.  32 
0.  31 
0.  29 
1. 10 

1.23 
2. 72 
4.74 
2. 58 
1.03 

0.  57 

1.  04 
0.  56 
0.29 
0. 27 
0. 26 
0.  96 

47,  624 

1.  350 

9, 282 

6,  687,  475 

18.  27 

1.35 
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Fio.  68.— Discharge  of  Coosa  River  at  Riverside,  Alabama,  1897. 


TALLAPOOSA  RIVER. 

This  river  joins  the  Coosa  to  form  Alabama  River  at  a  short  distance 
above  Montgomery,  Alabama.  Its  upper  tributary  drains  an  area 
between  the  Chattahoochee  and  Coosa  basins.  At  Tallassee,  Alabama, 
where  it  crosses  the  southern  fall  line,  shoals  occur,  forming  an  obstruc- 
tion to  navigation,  and  giving  a  60-foot  head,  of  the  whole  river,  on 
the  wheels  of  the  new  Tallassee  cotton  mills,  now  nearing  completion. 
A  gaging  station  was  established  at  Milstead  on  August  7,  1807,  and 
is  described  in  Water-Supply  and  Irrigation  Paper  No.  15,  p.  56. 

Ratintj  table  for  Tallapoosa  River  at  Milstead,  Alabama,  for  1897. 


Gace 
height. 

DiBcharge. 

Gage 
heignt. 

Discharge. 

1 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Fut. 

Second-feet. 

Feet. 

Second-feet.  1 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

0.5 

330 

1.5 

1,070 

3.0 

3, 129 

5.0 

5,  909 

0.6 

350 

1.6 

1,200 

3.2 

3, 407 

5.2 

6, 187 

0.7 

380 

1.7 

1, 333  ' 

3.4 

3, 685 

5.4 

6,  465 

0.8 

420 

L8 

1,467 

3.6 

3, 963 

5.6 

fi,  743 

0.9 

470 

1.9 

1,600 

3.8 

4,241 

5.8 

7,  021 

1.0 

530 

2.0 

1,733 

4.0 

4,519 

6.0 

7,  299 

1.1 

620 

2.2 

2,007 

4, 797 

7.0 

8,  689 

1.2 

720 

2.4 

2,  285 

4.4 

1 

5,075 

8.0 

10,  079 

L3 

830 

2.6 

2, 573 

4.6 

5,  353 

9.0 

11,  469 

1.4 

950 

2.8 

2,851 

1  4.8 

5,631 
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Estimated  monthly  discharge  of  Tallapoosa  River  at  Milsiead,  Alabama. 
[Drainage  area,  3,840  square  miles.  1 


Month. 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Jlun-oft". 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1897. 

August  7-31  

12, 440 

1, 070 

3, 173 

157,  340 

0.  77 

0.  83 

September  

1, 467 

420 

742 

44, 155 

0.  21 

0. 19 

October  

470 

380 

424 

26,  070 

0. 12 

0. 11 

November  

1, 200 

470 

729 

43,  379 

0.  21 

0.19 

December  

6,  604 

1,  070 

2,  214 

136, 135 

0.  67 

0. 58 

JAN. 
10  20 

FEB. 
10  20 

MARCH 
10  20 

APRI  L 
10  20 

MAY 

10  20 

JUNE 
10  20 

JULY 
10  20 

AUG 
10  20 

SEPT 
10  20 

OCT 
10  20 

NOV 
10  20 

DEC 
10  20 

a 

\ 

m 

> 

9£ 

CO 

Ft' 

7 

11 

i 

i 

Sec.-ft. 

12, 000 
11,000 

10,  000 
9,  000 
8,  000 
7,000 
6,  000 
5,  000 
4,  000 
3,  000 
2,  000 
1,000 

0 


Fig.  69.— Discharge  of  Tallapoosa  River  at  Milstead,  Alabama,  1897. 


BLACK  WARRIOR  RIVER. 

This  river  is  a  tributary  of  Tombigbee  River,  which  joins  Alabama 
River  to  form  the  Mobile,  the  name  of  the  stream  when  it  enters  the 
Gulf  of  Mexico  and  also  the  name  of  the  basin.  A  gaging  station  is 
located  at  Tuscaloosa,  Alabama,  and  described  in  Water-Supply  and 
Irrigation  Paper  No.  15,  p.  57.  The  Engineer  Corps  has  a  contin- 
uous record  of  gage  heights  from  1889.  During  1895  and  1896  a  num- 
ber of  discharge  measurements  were  also  made,  from  which  a  rating 
table  was  obtained.  The  diagrams  of  daily  discharge  from  1889  to 
1896  are  published  in  the  Eighteenth  Annual  Report,  Part  IV,  pp. 
105-108,  inclusive,  with  the  monthly  discharges  for  1895  and  1896. 
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Bating  table  for  Black  Warrior  Biver  at  Tuscaloosa,  Alabama,  for  1897. 


Gage 
height. 

! 

X)i8charge. 

Gage 
height. 

Discharge. 

Gage 
heignt. 

Discharge. 

Gage 
heignt. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second  feet. 

—2.0 

88 

1.0 

600 

20.0 

10,  880 

42.0 

69,  000 

—1.8 

92 

2.0 

1,  000 

22.0 

12,  500 

,  44.0 

77,  000 

—1.6 

100 

3.0 

1,  470 

24.0 

14,  700 

46.0 

85,  000 

—1.4 

110 

4.0 

2,000 

1  26.0 

17,600 

48.0 

93, 000 

—1.2 

120 

6.0 

3,110 

28.0 

21, 500 

50.0 

101, 000 

—1.0 

130 

8.0 

4,  220 

30.0 

26,  500 

52.0 

109,  000 

—0.8 

150 

10.0 

5,  330 

,  32.0 

31,  700 

54.0 

117, 000 

—0.6 

175  ' 

12.0 

6,440 

J  34.0 

38,000 

55.  0 

121,  000 

—0.4 

205 

14.0 

7,550 

36.0 

45,  000 

—0.2 

240 

16.0 

8,660 

38.0 

53, 000 

0.0 

280 

18.0 

ft.  770 

40.0 

61,  000 

Jistimated  monthly  discharge  of  Black  Warrior  Bit  er  at  Tuscaloosa,  Alabama. 

[Drainage  area,  4,900  square  miles.] 


Discharge  in  second-feet. 

Eun-off. 

Month. 

Total  in  acre- 

Second- 

Maxi- 

Mini- 

Mean. 

feet. 

Depth  in 

feet  per 

mum. 

mum. 

inches. 

square 

mile. 

1897. 

January   

10,  500 

385 

3,  493 

214,  775 

0.  82 

0.  71 

February   

17,  440 

1,  945 

8,  409 

467,  010 

1.  79 

1.72 

March  

120,  080 

4,  540 

52,  883 

3,  251,  650 

12. 44 

10. 79 

April   

25, 285 

2, 610 

9,657 

574,  630 

2. 20 

1.97 

May  

11, 195 

1,000 

3,600 

221,  355 

0.  84 

0. 73 

June  

1.697 

260 

715 

42, 545 

0. 17 

0. 15 

July  

7,810 

240 

1, 809 

111,230 

0.  43 

0.  37 

August  

1,595 

355 

701 

43, 100 

0.  16 

0. 14 

September  

600 

102 

295 

17, 555 

0. 07 

0.06 

October  

102 

90 

93 

5,  718 

0.  02 

0.  02 

November  

125 

107 

115 

6,843 

0.03 

0.02 

December  

29,  000 

115 

5,549 

341, 195 

1.30 

1.13 

120,  080 

90 

7, 277 

5,  297, 606 

20.  27 

1.48 

I 
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JAN.  FEB  MARCH  APRIL  MAY  JUNE  JULY 
10  20    I   10  20     10  20      10  20      10  20       10  20      10  20 


AUG. 
10  20 


SEPT.  OCT  NOV.  DEC. 
10  20      10  20      10  20     10  20 


Sec.-ft. 

120,  000 
110,  000 

100, 000 

90, 000 
80, 000 
70,  000 
60,  000 
50, 000 
40, 000 
30, 000 
20, 000 

10, 000 

0 


i 


II V 


it 


Fig.  70.— Discharge  of  Black  Warrior  River  at  Tuscaloosa,  Alabama,  1897. 
List  of  mincellantous  discharge  measurements.  Mobile  Basin. 


Date. 


1897. 

May  7 
Do... 
May  24 
June  23 
June  28 
Aug.  20 

Sept.  23 
Sept.  27 
Oct.  5 
Do... 
Oct.  15 

1898. 
June  23 

June  25 


Stream. 


Locality. 


Etowah  River  . . . 
Oostanaula  River 
Talking  Rock  Creek 

Sallacoa  Creek  

Talking  Rock  Creek 
East  Long  Swamp 

Creek. 

Sallacoa  Creek  

Talking  Rock  Creek 

Etowah  River  

Oostanaula  River. . 
East  Long  Swamp 

Creek. 

Big  Long  Swamp 

Creek. 
Amicalola  Creek. . 


Rome,  Georgia  (a)  

Rome,  Georgia  (6)  

Carters,  Georgia  

Near  month  

Kear  Carters,  Georgia 
Marble  Hill,  Georgia  . 


Resaca,  Georgia  

Near  Carters,  Georgia 

Rome,  Georgia  (n )  

Rome,  Georgia  (6)  

Marble  Hill,  Georgia  . 


Near  Ball  Ground, 

Georgia. 
At  mouth  


Meter 
num- 
ber. 

Gage 
height. 

Area  of 
section. 

Mean 
veloc- 
ity. 

Dis- 
charge. 

Feet  per 

Feet. 

Sq./eet. 

second. 

Sec.-feet. 

11 

2. 90 

1,055 

2.47 

2,604 

11 

2. 75 

1,170 

1.75 

2, 042 

16 

75 

1.57 

117 

16 

84 

0. 40 

34 

16 

45 

1.25 

56 

92 

14 

1.09 

15 

16 

27 

0. 81 

22 

16 

14 

1.67 

23 

92 

536 

0. 96 

517 

92 

—0.15 

758 

0.  65 

473 

92 

12 

0.  97 

11 

50 

112 

a  Made  from  Second  avenue  bridge. 


b  Made  from  Fifth  avenue  bridge. 
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From  the  miscellaneous  measurements  made  during  1807  and  the 
preceding  year,  published  in  the  Eighteenth  Annual  Report,  Part  IV, 
p.  108,  the  following  conclusions  have  been  reached  by  Prof.  B.  M.  Hall: 
To  find  the  api)roximate  discharge  at  low  water  of  the  Etowah  at 
Rome,  multiply  its  discharge  at  Canton  by  2.3.  Of  the  discharge  at 
the  latter  point,  about  11  per  cent  is  derived  from  Long  Swamp  Creek 
and  22  per  cent  from  Amicalola  Creek.  There  seems  to  be  no  fixed  rela- 
tion between  the  discharges  of  Oostanaula  River  at  Resaca  and  at 
Rome.  At  low  water  the  discharge  of  the  river  at  the  former  station  is 
composed  as  follows:  53  per  cent  of  the  flow  comes  from  Coosawattee 
River,  7  per  cent  from  Talking  Rock  Creek,  28  per  cent  from  Connasauga 
River,  and  12  per  cent  from  Sallacoa  Creek  and  other  tributaries  enter- 
ing below  Carters. 

OHIO  BASm. 

Ohio  Basin  comprises  the  subbasins  of  Great  Kanawha  and  Tennes- 
see rivers  in  Avhich  hydrographic  work  was  done  in  1897. 

GREENBRIER  RIVER. 

Two  gaging  stations  have  been  maintained  in  the  Great  Kanawha 
Basin,  one  on  the  ( ireenbi  ier  River  at  Alderson,  West  Virginia,  described 
in  Water-Supply  and  Irrigation  Paper  Ko.  15,  p.  58,  and  the  other 
some  distance  below  on  the  main  New  River  at  Fayette,  West  Virginia, 
described  in  Water-Supply  and  Irrigation  Paper  No.  15,  p.  59. 


Hating  table  for  Greenbrier  River  at  Alderson,  West  Virginia,  for  1897. 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

I  Gage 
I  height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

1.3 

45 

'  .3.0 

1, 900 

5.4 

7,740 

9.0 

19,000 

1.4 

70 

3.2 

2,  330 

5.6 

8,300 

9.5 

20,  700 

1.5 

115 

3.4 

2, 770 

.5.8 

8, 900 

10.0 

22, 500 

1.6 

185 

3.6 

3,240 

6.0 

9,  500 

10.5 

24, 400 

1.7 

275 

3.8 

3, 720 

6.2 

10, 100 

11.0 

26,  500 

1.8 

365 

4.0 

4,200 

6.  4 

10,  700 

12.0 

31, 200 

1.9 

460 

4.2 

4,680 

6.6 

11,300 

13.0 

36, 200 

2.0 

550 

4.4 

5, 160 

6.8 

11,900 

14.0 

41, 200 

2.2 

745 

4.6 

5, 660 

7.0 

12, 500 

15.0 

46,200 

2.4 

975 

4.S 

6, 180 

7.5 

14,  000 

16.0 

51, 200 

2.6 

1,230 

5.0 

6,700 

8.0 

15,  600 

17.0 

56, 200 

2.8 

1,540  1 

5.2 

7,220 

8.5 

.  17,300 
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Eatimated  monthly  discharge  of  Greenbrier  Biver  at  Alder  son,  West  Virginia. 
[Drainage  area,  1,344  square  miles.] 


Discharge  in  second- feet. 

Eun-off. 

Month. 

Total  in  acre- 
feet. 

Depth  in 
inches. 

Second- 

Maxi- 

Mini- 
mutn. 

Mean. 

feet  per 
square 
mile. 

1897. 

1,  DZU 

\jyJO 

55,  520 

0.  77 

0.  67 

February   

55,  850 

550 

7, 743 

430,  024 

6.  00 

5.  76 

March   

11,  750 

1,460 

4, 140 

254,  560 

3. 56 

3.08  ■ 

April  

6,  310 

745 

2, 197 

130,  730 

1.82 

1.63 

May  

32,  200 

745 

3,  992 

245,  459 

.3.  43 

2.  97 

June  

1,  900 

550 

1,  046 

62,  240 

0. 87 

0.  78 

July  

6,  310 

595 

2, 123 

130,  540 

1.82 

1.58 

August  

1,035 

230 

489 

30, 068 

0. 41 

0.  36 

September  

185 

55 

98 

5,  831 

0.08 

0.  07 

October  

145 

55 

92 

5,  657 

0.08 

0.  07 

November  

595 

70 

223 

13, 269 

0. 19 

0. 17 

December  

4,  920 

415 

1,274 

78,  335 

1.09 

0. 95 

55, 850 

55 

2,027 

1,  442, 233 

20. 12 

1.51 

riG.  71.— Discharge  of  Greenorier  River  at  Alderson,  West  Virginia,  1897. 
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NEW  RIVER. 

The  principal  tributary  of  Kanawha  Kiver  is  Nevr  River,  which  rises 
ill  Watauga,  Ashe,  and  Alleghany  counties,  North  Carolina.  The  area 
of  the  latter  two  counties  is  comprised  wholly  within  the  drainage  basin 
of  New  River;  their  boundaries,  being  along  the  mountain  ridges,  form 
the  divides  between  the  watershed  of  this  river  and  Yadkin  River 
on  the  east  and  of  Holston  River  on  the  west.  The  general  direction 
of  the  river  is  northwesterly.  At  first  the  upper  tributaries  have  a 
general  northeasterly  and  southwesterly  direction,  draining  narrow 
valleys  of  the  Greater  Appalachian  Valley  in  Virginia.  The  main 
river  cats  the  Alleghany  fronts  just  below  Pearisburg,  Virginia,  and 
the  remainder  of  the  drainage  area  is  confined  to  the  State  of  West 
Virginia.  For  some  distance  the  basin  divide  follows  the  State  line 
between  Virginia  and  West  Virginia,  both  north  and  south  of  the  place 
the  river  i)ierces  the  Alleghany  front.  The  basin  of  New  River  is  as 
beautiful  and  picturesijue  a  section  of  country  as  any  in  the  eastern 
part  of  the  United  States.  The  river  itself  is  rapid  and  almost 
impassable  even  tor  canoes.  The  country  on  its  lower  courses,  through 
which  the  Chesapeake  and  Ohio  Railway  passes,  is  noted  for  its  scenic 
beauty. 

Baling  table  for  Neiv  River  at  Fayette,  West  Virginia,  for  1897. 


Gage 
heigbt. 

Discharge. 

1 

Gage 
beiglit. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Seeond/eet. 

Feet. 

Seeond/eet. 

Feet. 

Second- feet. 

Feet. 

Second-feet. 

—0.4 

1,040 

2.4 

3,  250 

5.8 

9, 578 

14.0 

35,  200 

—0.3 

1,070 

2.6 

3,  500 

,  6.0 

10, 026 

15.0 

38,  770 

—0.2 

1,100 

2.8 

3,  750 

6.2 

10, 474 

16.0 

42,  340 

—0.  1 

1, 135 

3.0 

4,000 

6.4 

10,  922 

17.0 

45,910 

0.0 

1, 170 

3  2 

4, 300 

6.6 

11, 370 

18.0 

49, 480 

0.1 

1,210 

3  4 

4,600 

6.8 

11,818 

19.0 

53,  050 

0.2 

1,260 

3  6 

4, 900 

7.0 

12,  266 

20.0 

56,  620 

0.4 

1,400  , 

3.8 

5,  210 

7.5 

13,  386 

21.0 

60, 190 

0.6 

1,550 

4.0 

5, 550 

8.0 

14,  560 

22.0 

63,  760 

0.8 

1,700 

4.2 

5, 994 

8.5 

15, 890 

23.0 

67,  330 

1.0 

1,850 

4.4 

6,442 

9.0 

17, 390 

24.0 

70,900 

1.2 

2,010 

4.6 

6,890 

9.5 

19, 135 

25.0 

74,  470 

1.4 

2, 180 

4.8 

7, 338 

10.0 

20, 920 

26.0 

78,  040 

1.6 

2,380 

5.0 

7, 786 

10.5 

22, 695 

27.0 

81,610 

1.8 

2,580 

5.2 

8,234 

11.0 

24,480 

28.0 

85. 180 

2.0 

2,790 

5.4 

8,682 

12.0 

28,050  ' 

2.2 

3,000 

1 

5.6 

9, 130 

13.0 

31,620  : 

1 
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Estimated  monthly  discharge  of  Netv  River  at  Fayette,  Went  Viiyinia. 
[Drainage  area,  6,200  square  miles.] 


Discharge  in  second-feet. 

Run-off. 

Month. 

Total  in  acre- 
feet. 

Second- 

Maxi- 

Mini- 

Mean. 

Depth  in 

feet  per 

mum. 

mum. 

inches. 

square 

mile. 

1897. 

January  

7,  114 

2,  137 

4,  078 

250,  750 

0.  76 

0.  66 

February   

"83,  574 

2,685 

27,  703 

1, 538,  547 

4.65 

4.  47 

March  

47,  338 

10, 138 

22, 014 

1,  353, 590 

4. 10 

3.55  ■ 

April  

24,  837 

4,  750 

10,  614 

631,  580 

1.91 

1. 71 

May  

58,  762 

4,  450 

12,  331 

758,  200 

2.29 

1.99 

J  une  

11,  258 

3, 187 

6,  015 

357,  920 

1.08 

0.  97 

July  

26,  265 

2,685 

7,736 

475,  670 

1.44 

1.25 

August  

6,  890 

2,052 

3,  205 

197,  067 

0.60 

0.  52 

September  

2,  010 

1, 170 

1,578 

93,  895 

0.28 

0.  25 

October   

9,  018 

1,170 

2,  029 

124,  758 

0.  38 

0.33 

November  

3.  250 

1, 170 

1,791 

106,  570 

0. 32 

0.  29 

December  

8,  346 

1,  400 

3,263 

200,  634 

0.  61 

0.  53 

The  year  

83,  574 

1, 170 

8,  530 

6,  089, 181 

18. 42 

1. 38 

JAN 
10  20 

FEB 

10  20 

MARCH 
10  20 

APRIL 
10  20 

MAY 

10  20 

JUNE 
10  20 

JULY 
10  20 

AUG. 
10  20 

SEpt 
10  20 

OCT 
10  20 

NOV 
10  20 

DEC 
10  20 

IN 

10 

O) 

(& 

1 

I 

\ 

1= 

t 

1  ' 

I'll  If 

1  f 

iiHiiniiiiii 

Sec.-ft. 

60, 000 
55,  000 
50,  000 
45,  000 
40,  000 
35, 000 
30, 000 
25,  000 
20,  000 
15,  000 
10,  000 
5,  000 
0 

Fig.  72.— Discharge  of  New  River  at  Fayette,  West  Virginia,  1897. 

FRENCH  BROAD  RIVER. 

The  French  Broad  joins  Holston  River  just  above  Knoxville,  Ten- 
nessee, to  form  Tennessee  River.  Hydrographic  investigations  in  the 
Tennessee  Basin  have  been  confined  to  the  French  Broad,  Tuckaseegee, 
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Little  Teuiiessee,  aud  Iliwassee  rivers.  The  ga^jing  stations  on  these 
four  rivers  are  located  at  Asheville,  Bryson,  Judson,  and  Murphy, 
North  Carolina,  respectively,  and  are  described  in  Water  Supply  and 
Irrigation  Pai)er  No.  15,  pp.  00-65,  inclusive.  On  Tuckaseegee  and 
Little  Tennessee  rivers  a  sufficient  number  of  measurements  were  not 
made  on  which  to  base  rating  tables.  The  station  at  Asheville  was 
established  in  1895;  while  a  rating  table  could  not  be  constructed  for. 
the  scatiou  until  1S97,  the  section  is  practically  constant,  and  monthly 
estimates  are  accordingly  given  since  the  establishment  of  the  station. 


Eating  table  for  French  Broad  River  at  Asheville,  North  Carolina,  for  1895  to  1897. 


Gage 
height. 

Discharge. 

Gaee 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
heignt. 

Discharge. 

Feet. 

Second-feel. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

2.0 

()20 

3.4 

1,330 

4.8 

2,  730 

6.5 

4,  430 

2.2 

64.5 

3.6 

1, 530 

5.0 

2,  930 

7.0 

4,  930 

2.4 

685 

3.8 

1, 730 

5.2 

3, 130 

7.5 

5,  430 

2.6 

745 

4.0 

1,  930 

5.4 

3,  330 

8.0 

5,  930 

2.8 

820 

4.2 

2,130 

5.6 

3, 530 

3.0 

930 

4.4 

2,330 

5.8 

3,  730 

3.2 

1, 130 

4.6 

2,  530 

6.0 

3,  930 

Estimated  monthly  discharge  of  French  Broad  River  at  Asherille,  Xorth  Caj-olina. 

[Drainage  area,  987  sqnare  miles.] 


Month. 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Kun  off. 

Maxi- 
mum. 

Mini- 
mil  III. 

Mean. 

Depth  in 
inclies. 

Second- 
feet  per 
square 
mile. 

1895. 

September  17-30  

1,  1.30 

745 

823 

22,  854 

0.  43 

0.  83 

October  

780 

710 

732 

45,  009 

0.85 

0. 74 

November  

1,  230 

745 

844 

50,  221 

0.94 

0. 85 

December  

3, 330 

745 

1, 154 

70,  956 

1.35 

1. 17 

1896. 

January  

4,  430 

800 

1,  439 

88,  481 

1.  68 

1.46 

February   

3,380 

1, 180 

1,  733 

99,684 

1.90 

1.76 

March  16-31  

« 

1,  630 

1,030 

1,  227 

38, 944 

0. 74 

1.  24 

April  

2, 130 

820 

1,0*)2 

64,  978 

1.24 

l.ll 

May  

2.  530 

780 

1,  063 

65,  362 

1.25 

1.08 

June  

1,.330 

745 

922 

54. 863 

1.03 

0.93 

July  

7,780 

727 

2, 191 

134, 719 

2. 56 

2,22 

Auf^ust  

1, 180 

710 

866 

53,  248 

1.01 

0. 88 

September  

1, 130 

672 

772 

45, 937 

0. 87 

0. 78 

October  

7f)2 

685 

705 

43, 348 

0. 82 

0.  71 

November  

4. 130 

7()2 

1,634 

97,  230 

1.85 

1.66 

3,  7.30 

8-15 

1,  281 

78,  76.') 

1.50 

1.30 

10  GEOL,  PT  4  17 
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Estimated  monthly  discharge  of  French  Broad  River  at  Asheville,  North  Carolina — Cont'd. 


Discharge  in  second-feet. 

Run-ofif. 

Month. 

Total  in  acre- 
feet. 

Second- 

Maxi- 

Mini- 

Mean. 

Depth  in 

fee  t  ])er 

mum. 

mum. 

inches. 

square 

mile. 

1897. 

Jamiarv  

2,  380 

780 

1, 164 

71,  570 

1.36 

1. 18 

February   

5,  830 

1,  530 

2,  709 

145, 450 

2. 85 

2.  74 

March  

5, 180 

1, 630 

3,  036 

186,  680 

3.56 

3.08 

April  

5,  530 

1,  580 

2,607 

155, 130 

2.94 

2.64 

May  

5,030 

1.180 

1,  920 

118,  056 

2.  25 

1.  95 

June  

2,  430 

980 

1,  410 

83, 900 

1.60 

1.43 

July  

1,  530 

800 

1, 187 

72,  985 

1.38 

1.  20 

August  

1,  930 

710 

908 

55,  830 

1.06 

0.  92 

September  

762 

672 

698 

41,  535 

0.79 

0.  71 

October  

1,  280 

652 

792 

48,  696 

0.92 

0.80 

1,780 

652 

841 

50,  040 

0.  94 

0. 85 

December  

1, 580 

697 

950 

58, 412 

1.10 

0. 96 

The  year  

5,  830 

652 

1,  518 

1,  088,  284 

20.75 

1.54 

JAN 

10  20 

FEB 

10  20 

MARCH 

10  20 

APRIL 
10  20 

MAY 

to  20 

JUNE 
10  20 

JULY 
10  20 

AUG. 
10  20 

SEPT. 
10  20 
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10  20 

NOV 
10  20 

DEC. 
10  20 

'6 

S 

* 

1  1 

J 

A 

0 

Ci 

o 

\ 

1 

1 

i 

1 

t 

6 

s 

t 

-1 

1 

i 

J 

I 

1 

i 

\ 

1 

i 

i! 

III 

! 

! 

1 

! 

1^ 

Sec.-fl. 

3,  000 

2,  000 

1,  000 

0 

8,  000 
7,  000 
6,  000 
5,000 
4,000 
3,000 

2,  000 
1,  000 

0 


Fig.  73.— Discliarge  of  French  Broad  River  at  Asheville,  North  Carolina,  1895  and  1806. 
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JAN 

10  20 

FEB. 
10  20 

MARCH 

10  20 

APRIL 
10  20 

MAY 

10  20 

JUNE 
10  20 

JULY 
10  20 

AUG. 
10  20 

SEPT. 
10  20 

OCT. 
10  20 

NOV. 
10  20 

DEC. 
10  20 

i 

L 

1 

1 

1 

1 

1 

r 

^  ■ 

1 

11 

-  T 

mill 

mwu 

If 

i 

i 

Sec.-ft. 
12, 000 

11,000 

10, 000 

9,  000 
8,  l.OU 
7,  000 
6,  000 
5,000 
4,  OOU 
3,000 
2,000 
1,000 
0 

Fig.  74.— Discharge  of  French  Rroad  River  at  Asheville,  North  Carolina,  1897. 
HIWASSEE  RIVER. 

The  station  on  Hiwassee  River  was  established  June  26,  1890,  but 
the  interpretation  of  gage  heights  into  daily  discharges  can  only  be 
made  from  October  20,  1897.  The  wire  gage  was  twice  stolen  in  1897 
and  replaced  each  time  according  to  the  figures  for  the  elevation  of 
the  bench  mark.  On  the  final  replacing,  October  20,  1897,  it  was  dis- 
covered that  there  was  a  difference  of  about  1  foot  between  the  new 
and  old  data.  At  the  time  of  the  establishment  of  the  station  a  tape 
was  used  that  was  broken  at  about  the  1-foot  mark,  and  it  is  thought 
that  the  allowance  of  this  amount  was  not  made  in  reporting  the  eleva- 
tion of  the  bench  mark.  It  is  not  known  within  0.2  foot  what  this 
correction  should  be.  For  this  reason,  and  also  because  of  the  fact 
that  no  discharge  measurements  have  been  made  for  the  higher  gage 
readings,  it  is  considered  unwise  to  compute  the  daily  discharges 
previous  to  October  20,  1897. 

Hating  table  for  Ifiwasnee  River  at  Murphy,  North  Carolina. 
[This  table  ia  applicable  from  October  20,  1897,  to  December  31,  1897.] 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

8eeond-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

4.6 

225 

5.4 

570 

6.2 

1,  320 

\  7.0 

2,120 

4.7 

250 

5.  b 

640 

6.3 

1,420 

7.1 

2,  220 

4.8 

280 

5.6 

720 

6.4 

1,520 

7.2 

2,  320 

4.9 

315 

5.7 

820 

6.5 

1,620 

7.3 

2,  420 

.5.0 

350 

5.8 

920 

6.6 

1,720 

7.4 

2,  520 

5.1 

400 

5.9 

1,020 

6.7 

1,820 

7.5 

2,620 

5.2 

4.50 

6.0 

1,  120 

6.8 

1,920 

5.3 

510 

6. 1 

1,220 

6.9 

2, 020 
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Estimated  monthly  discharge  of  Hiwassee  Biver  at  Murphy,  North  Carolina. 


[Drainage  area,  410  square  miles.  ] 


Month. 

Discharge  in  second-feet. 

Total  iu  acre- 
feet. 

Runoff. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1897. 

October  20-31  

350 

237 

268 

6, 380 

0. 29 

0.65 

November  

570 

315 

342 

20, 350 

0.92 

0. 83 

December  

2,470 

350 

737 

45,  316 

2. 08 

1.80 

List  of  miscellaneous  discharge  m,easurements,  Tennessee  Basin. 


Date. 

Stream. 

Locality. 

Meter 
num- 
ber. 

Gage 
height. 

Area  of 
section. 

Mean  ve- 
locity. 

Dis- 
charge. 

1897. 
May  14. 
May  15. 
Nov.  17. 

Hiwassee  River 
 do  

Reliance,  Tenn. 
 do  

11 
11 
94 

t 

Feet. 
4.04 
3. 84 

Sq.  feet. 
2, 470 
2,  376 
1, 832 

Feet  per 
second. 

1.50 

1.34 

1. 69 

Sec-feet. 
3,705 
3, 181 
3,  084 

Holston  River. 

Knoxville,Tenii 

TENNESSEE  RIVER. 

Investigations  on  the  main  stream  have  been  continued  at  Chatta- 
nooga. In  the  Eighteenth  Annual  Eeport,  Part  IV,  p.  119,  are  given 
by  months  the  discharges  of  tliis  river  from  1890  to  1895.  Here  similar 
figures  for  1896  and  1897  are  given. 


Bating  tahlefor  Tennessee  Biver  at  Chattanooga,  Tennessee,  for  1897.  (a) 


Gage 
height. 

Discharge. 

Gage 
heiglit. 

Discharge. 

Gaee 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second  feet. 

Feet. 

Second  feet. 

Feet. 

Second  feet. 

Feet. 

Second  feet. 

0.2 

3,080 

1.4 

10,  208 

3.4 

22,  088 

12.0 

73, 172 

0.3 

3, 674 

1.6 

11, 396 

3.6 

23,  276 

13.0 

79,  112 

0.4 

4,268 

1.8 

12,  584 

3.8 

24,  464 

14.0 

85,  052 

0.5 

4,862 

2.0 

13,  772 

4.0 

25,  652 

15.0 

90,  992 

0.6 

5, 456 

2.2 

14,  960 

4.4 

28,  028 

16.0 

96,  932 

0.7 

6, 050 

2.4 

16, 148 

4.8 

30,  404 

18.0 

108,  812 

0.8 

6,644 

2.6 

17,  336 

6.0 

37,  532 

20.0 

120,  690 

0.9 

7,  238 

2.8 

18,  524 

8.0 

49,  412 

22.0 

132, 570 

1.0 

7,  832 

3.0 

19,712 

10.0 

61,  292 

24.0 

144,  450 

1.2 

9,020 

3.2 

20, 900  ' 

11.0 

67,  232 

26.0 

156,  330 

a  Above  26  feet  use  table  as  published  in  the  Eighteenth  Ann.  Eept.,  Part  IV,  p.  120. 
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Estimated  monthly  discharge  of  Tennessee  River  at  Chattanooga,  Tennessee. 


[Drainage  area,  21,418  square  miles.] 


Discharge  in  second-feet. 

Kun-ofl'. 

Month. 

Total  in  acre- 
feet. 

Second- 

Maxi- 

Mini- 

Depth in 

feet  per 

mam. 

mum. 

inches. 

8(|uare 

luile. 

1896. 

Janiiarv  

50,600 

15, 554 

26, 169 

1,  609,  07i> 

1.41 

1.22 

85,  052 

26,  840 

55, 577 

0,  lyo,  ozo 

2.  79 

2. 59 

March  

95, 150 

22, 088 

39, 257 

Z,  Ho,  OO-i 

2. 11 

1.  83 

April  

409, 520 

23,  276 

87,  649 

0,  Jlo,  47o 

4.56 

4.  09 

■May  

29,  216 

14,  3ik; 

20, 574 

1,  ZOO,  054 

1. 10 

0. 96 

June  

43,  472 

17,  336 

24,  365 

1,  449,  olo 

1.27 

1.14 

J  Illy  

130, 196 

20,  306 

55,  390 

Q     I/AX  W')A 

0,  4Uo,  oJU 

2.  99 

2.  .59 

34, 562 

14, 960 

22,  433 

1,  oiy,  ooU 

1.21 

1.05 

September  

18,  524 

9, 020 

12,  346 

IM,  ojo 

0.64 

0.  58 

October  

19,  712 

8, 426 

11, 588 

0. 62 

0. 54 

57,  728 

9, 020 

22,  603 

1    OA t  OCO 

1,  o44,  IJby 

1.  18 

1.06 

December  

45,  254 

16, 148 

27, 951 

1    Tl  iiX1 
1,  /io,  DDI 

1.51 

1. 31 

The  year  

00,  0^0 

24,  446, 045 

91  QQ 

1  fifi 
1. 00 

1897. 

.January  

45,  254 

16, 148 

27,  932 

1,717,  483 

1..50 

1.30 

February   

308,  060 

19,  712 

89,  962 

4,  996,  236 

4.37 

4.20 

March   

363,  240 

52,  976 

165,  448 

10, 173,  0(57 

8.  90 

7.  72 

April  

231,  520 

36,  344 

81,  056 

4,  823, 156 

4.22 

3.  78 

May  

134,  948 

26, 543 

50, 124 

3,  082,  025 

2. 70 

2.  34 

June  

38,  126 

21,  494 

29, 107 

1,  731,  983 

1.52 

1.36 

July  

74,  657 

21,  791 

34,  428 

2,  116,  909 

1.86 

1.61 

Aufjust  

34,  562 

14,  .366 

25,  847 

1,  589,  280 

1.  39 

1.21 

September  

14,  960 

6,050 

8,951 

532, 620 

0.  47 

0. 42 

October   

13,  772 

4,  268 

7,842 

482, 189 

0. 43 

0. 37 

9,614 

6, 050 

7,  330 

436, 164 

0. 38 

0. 34 

December  

62, 183 

8,129 

24,  627 

1, 514, 265 

1.33 

1.15 

The  year  j 

363, 240 

4,  268 

46, 055 

33, 195,577 

29. 07 

2. 15 
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Fig.  75. — Discharge  of  Tennessee  River  at  Chattanooga,  Tennessee,  1896  and  1897. 


GREAT  I.AKES  A\  ATERSIIED. 


GENESEE  RIVER. 

Surveys  of  the  Genesee  Eiver  have  been  made  under  the  direction 
of  the  State  engineer  and  surveyor  of  New  York,  as  shown  in  various 
annual  reports,  for  the  purpose  of  ascertaining  the  possibility  of 
increasing  the  water  supply  for  Erie  Canal  In  the  last  paper  on  the 
subject,  x^repared  by  Mr.  George  W.  Eafter  and  printed  as  Appendix 
VII  of  the  Annual  Report  of  the  State  Engineer  and  Surveyor  of 
New  York  for  the  fiscal  year  ending  September  30,  1896,  a  detailed 
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discussion  is  given  of  the  flow  of  the  stream  and  of  the  influence  of 
deforestation  upon  the  run-otf.  The  lirst  series  of  measurements  as 
there  noted  extended  fronj  June  17  to  December  2,  1890.  On  August 
21,  1893,  observations  were  begun  at  the  dam  belonging  to  the  Mount 
Morris  Hydrauhc  Power  Company,  and  maintained  until  the  dam  was 
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Fia.  76.— T)is(  liartrr  of  (W  iicsco  Kivcr  at  Mount  Alorri.s,  Kf  w  Vorlc,  180.5  and  1896. 

destroyed  by  flood,  early  in  Marcli,  1897.  Readings  of  the  height  of 
the  water  passing  over  the  dam  were  taken  twice  each  day  during 
ordinary  stages,  but  In  time  of  high  water  readings  were  made  at 
shorter  intervals.  The  dam,  whi(!h  was  337  feet  in  length,  had  an 
irregular  crest,  and  in  order  to  apply  weir  formula;  an  accurate  i)roflle 
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was  made  and  the  dam  divided  into  a  number  of  ajiproximately  level 
sections.  The  flow  over  each  section  was  computed  for  each  tenth  of 
a  foot  up  to  10  feet  in  height.  Allowance  was  made  for  leakage,  which 
was  assumed  to  be  100  second-feet.  , 

In  order  to  verify  the  results  obtained  by  the  use  of  the  formula  a 
weir  was  constructed  during  the  summer  of  1896  at  a  point  2i  miles 
above  the  dam.  Observations  at  the  two  points  were  correlated  and 
a  verification  obtained  of  the  results  computed  for  the  Hydraulic  Power 
Company's  dam.  This  weir  was  injured  by  a  severe  flood  in  October, 
1896,  and  owing  to  lack  of  funds  has  not  been  replaced  up  to  the  sum 
mer  of  1898,  The  results  of  the  computations  of  discharge  from 
August  21,  1893,  to  March  31,  1894,  are  shown  on  a  diagram  facing 
page  336  of  tlie  Eeport  of  the  State  Engineer  and  Surveyor  for  1894, 
and  from  February  1,  1895,  to  November  30,  1896,  on  PI.  0,  facing 
page  644  of  the  Annual  Ileport  of  the  State  Engineer  and  Surveyor  for 
1896.  The  principal  facts  concerning  stream  flow  given  on  this  plate 
are  shown  in  the  accompanying  figure  (fig.  76). 

UPPKR  MISSISSIPPI  BASIN. 
MISSISSIPPI  RIVER. 

Measurements  of  discharge  of  Mississipi)i  River  at  St.  Paul,  Minne- 
sota, below  the  mouth  of  Minnesota  Eiver,  have  been  made  for  a  num- 
ber of  years  by  the  Engineer  Corps  of  the  United  States  Army.  The 
results  up  to  June  30,  1893,  have  been  compiled  and  published  in  a 
pamphlet  issued  by  the  Mississippi  Eiver  Commission.^ 

The  results  of  measurements  since  that  time  are  to  be  found  in  the 
annual  reports  of  the  Chief  of  Engineers,  United  States  Army.^ 

The  first  recorded  measurement  is  that  of  September  24, 1866.  Dur- 
ing the  succeeding  year,  1867,  a  number  of  measurements  were  made 
during  the  months  from  July  to  November,  inclusive.  From  that  time 
occasional  measurements  were  made  during  1868, 1874, 1878, 1879, 1880, 
1884,  1885,  and  1886.  Systematic  woik  was  begun  under  a  specific 
appropriation  in  1889,  and  has  been  carried  on  each  year  since  that 

1  Tabulated  Results  of  Discharge  Observations,  Mississippi  River  and  its  Tributaries  and  Outlets, 
1838-1894.  Compiled  in  the  office  of  the  secretary  Mississippi  River  Comiiiission.  Mississippi  River 
Commission  print,  1895. 

-Results  for  the  j  ear  ending  June  30,  1894,  Annual  Report  of  Chief  of  Engineers,  TTnited  States 
Army,  Part  III,  pp.  1732-1735.  Contains  rating  curve  or  diagram  showing  volume  of  Mississippi 
River  at  St.  Paul,  Minnesota,  corresponding  to  readings  of  the  United  States  Signal  Service  (Weather 
Bureau)  gage,  being  based  on  the  mean  of  measurements  taken  during  the  four  years  ending  June  30, 
1894. 

Results  for  the  year  ending  June  3ll,  1895,  Annual  Eeport  of  Chief  of  Engineers,  United  States 
Army,  Part  III,  ]>p.  2202-2205.    Contains  discharge  diagram  for  months  of  July  to  November,  1893. 

Results  for  year  ending  June  30,  1896,  Annual  Report  of  Cliief  of  Engineers,  United  States  Army, 
Part  III,  pp.  1859-1863.  Contains  table  and  discussion  of  relation  of  run-off  to  rainfall  on  the  water- 
shed of  Mississippi  River  above  St.  Paul,  Minnesota,  for  the  years  1894  and  1895. 

Results  for  year  ending  June  30,  1897,  Annual  llejiort  of  Chief  of  Engineers,  United  States  Army, 
Part  TIT,  pp.  2164-217U.  Contains  table  and  discussion  of  relation  of  run-otf  to  rainfall  for  the  years 
1894  to  1896,  inclusive. 
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time.  The  following  details  have  been  obtained  from  Mr.  Archibald 
O.  Powell,  Uuited  States  assistant  engineer: 

The  object  of  the  measurements  is  the  determination  of  the  effect  of 
the  reservoirs  at  the  head  of  the  ^Mississippi  River  in  maintaining  deep 
or  navigable  wat^r  during  periods  of  drought.  Measurements  and  com- 
putations of  the  amount  of  water  discharged  from  the  reservoirs  at 
such  seasons  are  made  and  comparisons  had  with  the  behavior  of  the 
river  at  St.  Paul  and  lower  places.  The  measurements  are  made  at  a 
section  about  halfway  between  Wabasha  street  bridge  and  liobert  street 
bridge  in  the  city  of  St.  Paul.  A  long,  low  strip  of  land,  known  as 
Pasjiberry  Island,  occupies  the  middle  of  the  channel,  the  greater-  part 
of  the  water  passing  at  ordinary  stages  to  the  left  of  this  or  against  the 
St.  Paul  shore.  To  maintain  deep  water  on  the  St.  Paul  side  the  (tOV- 
ernment  has  constructed  a  loose  stone  dam  from  the  island  to  the  I'ight 
bank,  across  the  part  of  the  river  west  of  the  island.  Observations  of 
river  height  are  made  at  the  United  States  Weather  Bureau  gage, 
located  on  a  wharf  at  the  foot  of  Jackson  street.  The  zero  of  this  gage 
is  at  an  elevation  of  083.334  feet.  When  the  water  on  this  gage  stands 
at  a  height  of  4.05  feet  and  ui)ward,  the  stream  passes  over  the  dam  on 
the  west  side  of  the  island.  Between  stages  of  4.05  and  0.70  feet  it  is 
impracticable  to  measure  with  a  meter  the  volume  passing  on  the  west 
side  of  the  island,  as  tlie  current  is  too  sluggish.  The  amount  has  been 
ap])r()ximated,  however,  by  plotting  the  gage  readings  and  discharges 
between  the  heights  of  0.70  and  10.50  feet  and  then  extending  the 
curve  downward. 

The  measurements  of  discharge  are  made  from  a  boat  with  Ellis 
current  meters.  The  meter  is  held  in  position  by  two  men,  one  in  the 
bow  and  the  other  in  the  stern,  each  grasping  a  wire  rope.  Two  of 
these  are  stretched  across  the  river  parallel  and  at  a  distance  of 
13  feet  apart.  The  upi)er  line  is  tagged  every  10  feet,  a  sounding 
being  taken  at  each  tag  and  an  observation  for  velocity  at  alternate 
tags.  The  wire  ropes  are  laid  before  each  measurement,  and  afterwards 
reeled  up.  Velocities  are  obtained  by  observing  at  mid-depth  in  these 
sections  20  feet  apart.  The  mean  velocity  has  been  assumed  to  be  95 
per  cent  of  the  measuied  mid-depth  velocity.  The  results  of  observa- 
tions indicate  that  the  river  begins  to  rise  at  St.  Paul  within  seven  or 
eight  (lays  following  release  of  water  from  the  distributing  reservoir  at 
Pokegama  Falls,  and  that  in  about  five  days  the  full  effect  is  felt.  The 
rise  on  the  United  States  Weather  Bureau  gage,  due  to  the  reservoir 
water,  in  1893  was  1  foot;  in  1894,  1.3  feet;  and  in  1895,  1.2  feet.' 

From  the  rating  curve  given  in  the  report  of  the  Chief  of  l^ngineers 
for  1804  a  rating  tal)le,  given  on  page  2(i7,  has  been  constructed  which 
is  assumed  to  be  fairly  accurate  for  average  conditions,  or  at  least  sulli- 
ciently  so  for  comi)utations  of  mean  discharge.  The  figures  given  in 
this  table  have  been  applied  to  the  readings  of  the  United  Stales 

I  Report  of  Lieat.  Col.  W.  A.  Jones,  in  Annnal  Ueport  of  Chief  of  Engineers,  1896,  Fart  III,  p.  1861. 
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Weather  Bureau  gage  and  computations  made  of  mean  monthly  flow,  as 
shown  by  the  tables  on  pages  2(38  to  270.  Values  have  also  been  plotted 
on  diagrams  giving  the  behavior  of  the  stream  for  the  years  1887  to  1896, 
inclusive.  The  rating  curve  was  based  on  measurements  made  during 
the  four  years  ending  June  30, 1894,  but  subsequent  observations  agree 
with  this  so  well  that  the  values  are  assumed  to  be  i)ractically  constant. 

The  accompanying  plates  illustrate  the  methods  of  measurements  of 
the  river  at  St.  Paul.  The  bridges  are  too  high  above  the  surface  of 
the  water  to  be  satisfactory,  and  on  account  of  navigation  it  is  not 
practicable  to  stretch  a  cable  permanently  across  near  the  surface  of 
the  water.  Accordingly,  temporary  wires  are  used  whenever  discharge 
measurements  are  to  be  made,  and  removed  immediately  after,  so  that 
the  clianuel  is  not  impeded. 

The  first  view  (PI.  XXX,  A)  shows  the  wire  being  put  across  the  river. 
It  is  placed  on  a  reel  mounted  in  the  stern  of  a  boat  and  paid  out  as 
the  boat  is  rowed  across  the  stream,  the  ends  being  cleared  and  the 
wire  drawn  up  to  clear  the  water. 

The  second  view  (PI.  XXX,  B)  shows  the  two  parallel  wires  in  place,  the 
upper  one  with  tags  at  uniform  intervals,  indicating  the  distance  from 
the  shore,  or  the  initial  point.  A  man  at  each  end  of  the  boat  holds 
this  in  position,  while  a  third  man  in  the  bow  takes  soundings  of  depths 
by  means  of  a  rod. 

The  third  view  (PI.  XXXI,  A)  shows  the  boat  with  a  timber,  suitably 
arranged,  projecting  forward  over  the  bow  and  supporting  the  current 
meter,  which,  in  the  picture,  is  drawn  up  so  that  the  lead  weight  and 
tail  are  partly  submerged,  the  meter  being  entirely  out  of  the  water. 
When  in  use  the  apparatus  is  lowered  by  the  chain  which  runs  over 
the  end  of  the  timber.  The  two  men,  one  in  the  bow  and  the  other 
in  the  stern,  hold  the  boat  in  position,  while  the  third  man  records  the 
time  and  revolutions  of  the  meter. 

The  fourth  view  (PI.  XXXI,  jB),  similar  to  the  first,  illustrates  the 
method  of  taking  in  the  wires  after  the  measurement  is  completed. 
Each  wire  is  drawn  in  over  the  bow  and  wound  upon  the  reel,  which  is 
mounted  on  bearings  provided  for  the  purpose.  The  whole  operation 
of  putting  up  the  wires,  taking  velocity  measurements,  and  reeling  in 
the  wires  can  be  accomplished  in  about  two  hours,  or  even  less  when 
the  river  is  at  low  stages,  everything  being  kept  in  readiness  for  the 
purpose. 


Drainage  area  above  St.  Paul,  Mississippi  River 
Drainage  area  above  St.  Paul,  Minnesota  River. 


Square  miles. 
....  19,735 
....  16,350 


Total  above  St.  Paul  .  . 


36,  085 
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Elevation  of  points  on  Mississippi  and  Minnesota  rivers. 
MISSISSIPPI  RIVER,  (o) 


Locality. 


Lake  Itasca  

Cass  Lake  

Lake  Winnibijiosliisli . 


Pokegama  Falls,  above  

Pokegama  Falls,  below  

Aitkin  

Mouth  of  Sauk  River  

St.  Antbouy  Falls,  above  crest . 
St.  Anthony  Falls,  below  fall. . 

St.  Panl,  low  water,  1864   

St.  I'aul,  high  water,  1881  


Elevation 
above  sea. 


Feet. 
Not  known. 
1,302 
1, 290 
1, 269 
1,255 
1, 189j 
992 
782] 
752j 
683 
702 


Distance  above 
St.  Paul.  (6) 


Miles. 
Not  known. 
Do. 
Do. 
354 

221 
92 

14 


MINNESOTA  RIVER. 


Mouth  of  Blue  Earth  River 

Mankato  

Le  Sueur  

Belle  Plain  

Carver  

Shakopee   

Mendota  (Fort  Snelling)  


756 

117.1 

751 

115.3 

715 

81.5 

696 

5L7 

689 

32.7 

688 

25.9 

687 

7 

aData  from  letter  of  December  26,  1893,  from  Ma.j.  W.  A.  Jones,  Corps  of  Engineers,  United  States 
Army,  G.  R.  2279. 

i»  Distances  not  stated  may  be  approximately  scaled  from  Land  Office  maps. 

Rating  table  for  Mississippi  River  at  St.  Paul,  Minnesota. 


Gage 
height. 

Di.scliarge. 

Gage 
1  height. 

Discharge.  | 

Gage 
height. 

Discharge. 

Gage 
height. 

Discliarge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

0.0 

1,  750 

3.0 

6,210 

6.0 

14, 160 

12.0 

40,  975 

0.5 

2,  360 

3.5 

7,100 

7.0 

17,  flOO 

13.0 

46, 025 

LO 

3,  060 

4.0 

8,  070 

8.0 

21,  920 

14.0 

51, 075 

1.5 

3, 800 

4.5 

9, 150 

9.0 

25, 980 

15.0 

56, 125 

2.0 

4,580 

.5.0 

10, 650  ! 

10.0 

30,  875 

16.0 

61, 175 

2.5 

5,380 

1 

12,  320 

i 

11.0 

35,  925 

1 

17.0 

66,  225 

t 
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Estimated  monthly  discharge  of  Mississippi  River  at  St.  Paid,  Minnesota. 
[Drainage  area,  36,085  square  feet.] 


Month. 


1887. 

March  22-31  

April   

May  

June  

July  

August  

September  

October  

November  1-27  . . . 

1888. 

April  7-30  

May  

.Juue  

July  

August  

September  

October  

November  

December  1-11  

1889. 

March  12-13, 19-31 

April  

May  

Juue  

July  

August  

September  

October  

November  1-24  

1890. 

March  25-31  

April  

May  

June  

July  

August  

September  


Discharge  in  second-feet. 


Eun-off. 


Maxi- 
111  mil  • 

Mini- 
mum. 

Mean. 

Deptli  in 

Second - 
feet  per 

aft  HQ  t*  A 

mile. 

21,  514 

520 

19, 

863 

0. 20 

0.55 

28,  855 

12, 

320 

20, 

402 

0.  63 

0.57 

13, 430 

6, 

920 

9, 

505 

0. 30 

0. 26 

6, 920 

5, 

700 

6, 

078 

0. 19 

0. 17 

6,040 

5, 

060 

f', 

632 

0. 18 

0. 16 

5,  380 

4, 

420 

4, 

890 

0. 16 

0. 14 

5, 540 

4, 

260 

4, 

804 

0. 14 

0. 13 

4,580 

4, 

100 

4, 

353 

0. 14 

0. 12 

4,420 

2, 

780 

3, 

716 

0. 10 

0. 10 

53,  095 

7, 

670 

37, 

623 

0. 93 

1.04 

51,  580 

31, 

885 

40, 

486 

1.29 

1.12 

34,  915 

20, 

300 

24, 

639 

0.75 

0.  68 

21,110 

9, 

650 

16, 

134 

0.52 

0. 45 

13,  050 

6, 

210 

9, 

151 

0. 29 

0.25 

6,  740 

5, 

870 

6, 

387 

0.20 

0. 18 

7,  290 

6, 

040 

6, 

691 

0.22 

0. 19 

7,  480 

5, 

220 

6, 

453 

0.20 

0. 18 

5, 540 

4, 

580 

4, 

958 

0. 06 

0.14 

8,490 

7, 

100 

7, 

813 

0. 12 

0.22 

7, 670 

5, 

380 

6, 

104 

0. 19 

0. 17 

9, 150 

6, 

560 

7, 

597 

0. 24 

0.  21 

7, 100 

4, 

900 

5, 

731 

0. 18 

0. 16 

6,040 

4, 

580 

5, 

136 

•  0.16 

0. 14 

6, 560 

5, 

060 

5, 

710 

0. 18 

0. 16 

6,560 

4, 

420 

5, 

297 

0.17 

0. 15 

4,580 

3, 

950 

4, 

214 

0. 14 

0. 12 

4,420 

3, 

200 

3, 

909 

0. 10 

0. 12 

6,210 

4, 

260 

5, 

316 

0.04 

0. 15 

12,  320 

3, 

800 

7, 

983 

0. 24 

0.  22 

7.  290 

5, 

700 

6, 

349 

0.  21 

0. 18 

17,  900 

7, 

480 

12, 

833 

0.  40 

0. 36 

13,  0.50 

5, 

700 

8, 

725 

0. 28 

0.  24 

5,  220 

3, 

500 

4, 

200 

0. 14 

0. 12 

5,  060 

3, 

950 

4, 

516 

0. 14 

0. 13 
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Estimated  monthly  discharge  of  Alississippi  River  at  St.  Paid,  Minnesota — Continued. 


Discharge  in  second-feet. 

Rnn-off. 

Maxi- 
muiu . 

Miui- 
niuiQ. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
SQuare 
mile. 

1890. 

October  

5, 540 

3,  950 

4, 776 

0. 15 

0. 13 

November  

5,  060 

3,060 

4, 263 

0. 13 

0. 12 

2,640 

2,500 

2,570 

0.05 

0. 07 

1891. 

March  29-31  

5,  700 

4,420 

5, 007 

0. 02 

0. 14 

April  

15,  620 

6, 560 

13,  456 

0.41 

0.  37 

May  

11,  290 

5,870 

7,658 

0.  24 

0. 21 

6,  040 

5,380 

5,  710 

0. 18 

0. 16 

July  

6, 040 

4,  420 

5, 003 

0. 16 

0. 14 

August  

4,  900 

3,350 

4,022 

0. 13 

0.11 

3, 950 

3,  200 

3,540 

0. 11 

0. 10 

4,  260 

3, 350 

3,  791 

0. 13 

0. 11 

3, 500 

1,980 

2,692 

0.07 

0.07 

1892. 

March  7-31  

10,  650 

4, 580 

7,322 

0. 18 

0.20 

13,  050 

6,380 

9, 258 

0.29 

0. 26 

May  

44,  005 

8,270 

23, 835 

0. 76 

0. 66 

June  

38,  4.50 

24,  380 

28, 231 

0. 87 

0. 78 

July  

23,  560 

9, 150 

13,  821 

0.44 

0. 38 

16,  380 

6,740 

9,  9()6 

0.  32 

0. 28 

8,  270 

6,040 

7, 116 

0. 22 

0. 20 

October  

6,  380 

4,900 

5,  658 

0. 18 

0. 16 

4,  740 

3,  060 

4, 193 

0. 11 

0.12 

1893. 

April   

42,  995 

19, 100 

31, 028 

0. 95 

0. 86 

May  

54,  610 

29,  360 

41, 512 

1.33 

1. 15 

28,  350 

8,  930 

15, 885 

0.  49 

0. 44 

Julv  

8, 490 

5,060 

7, 130 

0. 23 

0. 20 

August  

5, 540 

4,  260 

4, 864 

0. 15 

0. 13 

6,  380 

5, 700 

6,118 

0. 19 

0.17 

October   

6,  380 

5,  700 

6, 106 

0.  20 

0. 17 

6,210 

2,  500 

4,  708 

0. 14 

0. 13 

4,  580 

3,  950 

4,  319 

0.05 

0. 12 

1891. 

March  8-31  

9, 150 

4, 580 

7,231 

0. 18 

0.  20 

April  

33,  905 

6,  040 

1.5,  413 

0.48 

0. 43 

May   

39, 965 

19, 500 

28, 209 

0.90 

0. 78 

18, 280 

5, 870 

9,  865 

0. 30 

0. 27 

J'-ly  

5,  870 

1,980 

4, 140 

0. 14 

0. 12 

4,580 

1,  980 

3, 537 

0. 12 

0. 10 

t 
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Estimated  monthly  discharge  of  Mississipin  River  at  St.  Paul,  Minnesota — Continued. 


Month. 

Discharge  in  second-feot. 

Run-off. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
s(j  11  are 
mile. 

1894. 

September  

o,  DOU 

A  OH 

O  1  9 

Oil 
U.  11 

October  

4,  900 

3,  950 

4,  395 

0. 15 

0. 13 

November  1-29  

5, 540 

3,060 

4,323 

0. 12 

0. 12 

1895. 

March  23-31  

Oj  Ot>U 

9  100 

0  0^ 

0  OQ  ■ 

9  100 

9  847 

0  09 

0  08 

May  

9  640 

4  14'5 

0  14. 

0  12 

1  9fi0 

7  168 

0  99 

0  90 

yjm  V/ 

July  

7  fiTO 

^  800 

^  410 

0  17 

0. 15 

fi  flfiO 

1  ov/ 

S  990 

0  13 

\Jt  Xt> 

Oil 

Wa   X  X 

0  13 

yJi  Xl> 

0  12 

\Jt  X^ 

October  

Of  — .iU 

Of  ooyj 

0  14. 

V/»  x*± 

0  12 

yjM  X^ 

November  1-27  

OlJO 

0  OQ 

0  0^) 

1896. 

January  .... 

al,  782 

a  1,600 

AfoT'/.'h  9Q  Q1 

2,  640 

Ij  860 

2, 160 

0.  07 

0.06 

April  

1^  676 

0  49 

0  44 

May  

27  350 

0  87 

0.  76 

96  ^80 

20  268 

0  62 

0. 56 

July   

1^  O^iO 

n  24 

0  21 

v>  ax 

August  

A  71Q 

0  15 

V/«  Xtf 

0. 13 

September  

f>  OfiO 

^  ^00 

1  4.11 

•Itj  '±•±1. 

0  1^ 

v/«  Xt> 

0  19 

October  

A  R*4Q 

0  l^i 
U.  Xt/ 

\J»  Xt? 

November  1-27  

7  100 

9  xoo 

^  4.1^ 
»Jj  ft  AO 

0  1^ 

V.  Xt> 

0  1^^ 

V  •  Xt^ 

/t4.  4.4. 

1897. 

Januarv 

March  20-31  

48, 550 

7,  870 

24,  781 

0. 30 

0.  69 

April  

71,  275 

32,  390 

55,  654 

1.72 

1.54 

May  

30,  875 

11,  630 

17, 999 

0. 58 

0. 50 

17, 140 

11, 290 

14, 288 

0. 45 

0. 40 

July  

49,  055 

16,  000 

32, 864 

1.05 

0. 91 

August  

25, 580 

9,150 

15,  285 

0. 48 

0. 42 

12,  320 

9,150 

10, 474 

0.32 

0. 29 

10,  310 

7,  670 

8,  524 

0.  28 

0. 24 

7,  870 

5,060 

7,003 

0. 19 

0. 19 

fl,7,480 

0. 24 

0. 21 

a  Approximate. 


NEWELL.] 


TRIBUTARIES  OF  GALLATIN  RIVER. 


UPPER  MISSOURI  BASIX. 

The  basins  of  the  three  rivers,  Gallatin,  Madison,  and  Jefferson, 
which  unite  to  form  Missouri  River  uear  Tlireeforks,  ^Montana,  have 
been  described  at  various  times  in  the  Annual  Reports  of  this  Survey, 
especially  in  the  Thirteenth  Annual  Report,  Part  III,  beginning  on 
page  41. 

SMALLER  TRIBUTARIES  OF  GALLATIN  RIVER. 

A  gaging  station  was  maintained  on  Middle  Creek  during  189G  and 
the  data  obtained  were  of  considerable  value  owing  to  the  number  of 
irrigation  ditches  taken  from  that  creek.  The  station  is  located  some 
distance  above  the  canyon  and  the  only  available  observer  moved  away 
in  the  spring  of  1897,  so  that  the  station  could  not  be  regularly  main- 
tained through  the  year.  A  number  of  discharge  measurements  were 
made  on  it,  however,  and  will  be  found  in  Water-Supply  and  Irrigation 
Paper  No.  15,  p.  07. 

A  number  of  discharge  measurements  were  also  made  on  Bozeman 
Creek  and  Rocky  Creek,  tributaries  to  the  East  Gallatin.  They  are 
published  in  Water-Supply  and  Irrigation  Paper  No.  15,  p.  75. 

EAST  GALLATIN  RIVER  SEEPAGE  MEASUREMENTS. 

During  the  latter  jjart  of  September,  1897,  a  series  of  discharge 
measurements  were  made  by  Roe  Emery  on  East  Gallatin  River,  in 
Montana,  for  a  study  of  the  seepage  of  that  river.  In  fig.  77  is  shown 
the  relative  location  of  the  points  of  measurement  and  the  principal 
streams  and  towns.  The  table,  pages  273  and  274,  gives  the  measure- 
ments of  the  rivers,  of  the  ditches,  and  of  the  creeks  entering  the  river. 
The  next  table,  pages  274  and  275,  shows  the  computations  for  the 
seepage.  The  points  at  numbers  1,  2,  and  4  are  on  Bozeman,  Rocky,  and 
Bridger  creeks,  respectively,  which  form  at  their  junction  East  Gallatin 
River.  To  obtain  the  total  How  in  East  Gallatin  River,  the  flow  in  Story 
^lill  ditch.  No.  3,  which  takes  water  both  from  Bridger  and  Rocky  creeks, 
should  be  added.  Between  these  measurements  and  that  at  No.  G,  the 
next  lower  point  on  the  n)ain  river,  two  ditches,  Nos.  5  and  7,  are  taken 
out.  The  sum  of  these  two  latter  measurements  subtracted  from  tlie 
sum  of  measurements  1  to  4,  inclusive,  gives  43.6  second-feet.  The 
measurement  of  East  Gallatin,  No.  6,  at  the  first  bridge  is  48.3  second- 
feet.    This  shows  a  gain  of  4.7  second-feet. 

Between  jneasurements  No.  6  and  No.  8  on  the  main  river  only  one 
ditch.  No.  9,  is  taken  out,  and  at  the  time  of  measurement  it  was  car- 
rying no  water.  The  difference,  therefore,  between  measurement  No. 
C,  which  is  48.3  second-feet,  and  measurement  No.  8,  which  is  58.0 
second-feet,  makes  the  gain  between  these  two  points,  9.7  second-feet. 
The  distance  between  these  two  measurements  was  1.75  miles. 

Jietween  measurements  8  and  19,  on  the  main  river,  5  dit(;lif.s  are 
taken  out,  numbered  respectively  10,  13,  14,  17,  and  18.    One  slough, 
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No.  11,  enters  between.  The  sum  of  measurements  at  8  and  11  is  58.5 
second-feet.  The  sum  of  measurements  of  ditches  fallen  out  and  of 
measurement  No.  19  at  tlie  third  bridge  is  3G.4  second-feet.  This  shows 
a  loss  in  a  distance  of  4.25  miles  of  22.1  second- feet. 

Between  measurements  19  and  20,  on  the  main  river,  creeks  12  and 
13  enter  and  ditches  21  and  22  are  taken  out.  The  water  entering 
added  to  the  measurement  at  the  third  bridge,  No.  19,  gives  G7.1  second- 
feet.  Ditches  taken  out,  added  to  the  gaging  at  the  lower  or  fourth 
bridge,  sum  up  to  50.5  second-feet.  The  apparent  loss  of  10.6  second- 
feet  occurs  in  the  distance  of  2^  miles. 


Fio.  77. — Location  of  poiutsof  measurement  of  seepage  waters  in  East  Gallatin  River. 


In  the  next  estimation  for  seepage,  measurements  between  No.  20  at 
the  fourth  bridge  and  No.  28  at  the  sixth  bridge  are  considered.  The 
gaging  at  the  fifth  crossing.  No.  26,  of  16.5  second-feet,  is  so  consider- 
ably under  measurement  20,  although  there  are  no  ditches  taken  out 
between  them,  it  has  not  been  considered  in  this  discussion.  It  would 
seem  that  there  was  some  mistake  in  the  measurement  or  that  the  sec- 
tions must  have  been  extremely  poor.  Between  the  two  points  under 
consideration,  Nos.  20  and  28,  four  creeks  enter  the  river,  Nos.  23,  24, 
25,  and  25a.  No  ditches  are  taken  out  between  these  points.  The  dis- 
charge of  the  creeks,  added  to  measurement  20,  at  the  fourth  crossing, 
equals  78.3  second- feet;  this,  subtracted  from  the  measurement  at  tlie 
sixth  crossing  of  92.0  second-feet,  shows  a  gain  of  13.7  second-feet 
occurring  in  the  distance  of  2|  miles. 
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Between  measuremeuts  Xo.  28  at  the  sixth  bridge  aud  No.  32  at  the 
seventh  bridge  enter  sloughs  and  creeks,  Nos.  27,  29,  30,  31,  33,  and  34. 
Tlieir  discharge,  added  to  the  measurement  at  No.  28,  equals  179.7 
second -feet,  M'hich,  subtracted  from  the  gaging  at  the  seventh  crossing 
of  181.0  second-feet,  shows  a  gain  of  1.3  second-feet  in  2^  miles. 

Adding  to  measurement  32,  at  the  seventh  bridge,  the  creeks,  35  and 
36  to  39,  inclusive,  that  enter  between  this  measurement  and  that  at 
the  eighth  crossing,  gives  a  total  of  212.2  second-feet.  This,  subtracted 
from  the  measurement  at  the  eighth  crossing  of  284.1  second-feet,  shows 
a  gain  of  71.9  second-feet  in  a  distance  of  1.75  miles. 

Adding  to  the  measurement  at  the  eighth  bridge  the  discharge  of 
creeks  42  and  43  gives  a  total  of  297.4  second-feet.  This,  subtracted 
from  measurements  44  and  45  at  the  ninth  crossing,  336.8  second-feet, 
shows  a  gain  of  39.4  second-feet  in  a  distance  of  1  mile. 

The  country  north  of  Belgrade  and  south  of  the  river  under  consid- 
eration is  one  vast  swamp,  due  principally  to  seepage  water  from  West 
Gallatin  River,  so  that  the  large  gains  shown  in  the  last  few  measure- 
ments are  not  altogether  due  to  water  taken  from  East  Gallatin  River. 

Uaat  Gallatin  River  seepage  measurements. 

Second-feet. 


1.  Bozeman  Creek  bridge,  left  bank,  runs  into  Rocky  Creek   12.5 

2.  Rocky  Creek   9. 1 

3.  Story  Mill  ditcli,  right  bank  Rocky  Creek   22. 1 

4.  Uridger  Creek,  right  bank,  forming  East  Gallatin   2.7 

5.  Jackson  ditch   0. 0 

6.  KaBt  Gallatin,  first  bridge,      miles  Ijelow  Bridger  Creek   48.3 

7.  Ditch  on  right  bank,  300  yards  above  No.  1   2. 8 

8.  East  Gallatin,  second  bridge,  Jackson's  ranch   58.0 

9.  Ditch  one-fourth  mile  above  second  bridge ;  no  water   0.0 

10.  Nelson  &,  Arnold  ditch,  100  yards  below  secoud  l)ridge,  right  bank   4.  7 

11.  Slough,  three-fourths  mile  from  second  bridge,  right  bank   0.5 

12.  Middle  Creek  bridge,  left  bank,  enijitics  into  East  Gallatin  below   39.2 

13.  Branch  East  (iallatin,  runs  into  Middle  Creek   7.7 

14.  Ditch  on  right  bank,  Flannery's  taken  out,  one-half  mile  above  bridge, 

Arnold's  ranch   2.  3 

17.  Ditch  taps  right  bank  on  J.  Beck's  ranch  (dry),  empties  into  Nelson  <fc 

Arnold  ditch                                                                                    .  0.0 

18.  Touhy's  ditch  on  left  l)ank,  three-fourths  mile  above  Flannery's  bridge.  1.5 

19.  East  Gallatin,  third  bridge   20.2 

20.  East  Gallatin,  fourtli  bridge,  Davis    50. 5 

21.  Touhy's  ditch  taps  right  bank  below  third  bridge,  no  water   0. 0 

22.  Ditch  on  west  bank,  Touhy's  ranch,  no  water   0.0 

23.  Creek  emj)ties  in  one-half  mile  below  fourth  bridge  on  Henry  Davis, 

right  bank  Cottonwood  Creek   4.9 

24.  Creek  enters  slough,  then  to  Gallatin  right  l)ank   14.  9 

25.  Reese  Creek   7.0 

2.5a.  Small  slough,  200  yards  below  I'enweils   1. 0 

256.  Ditch  right  bank,  3()0  yards,  dry   0. 0 

25c.  Ditch  right  bank,  one-half  mile,  dry   0.0 

25rf.  Ditch  riglit  bank,  thrcc-lourtlis  jnile,  dry   0.0 
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Second-feet. 

26.  East  Gallatin,  fifth  crossing   16.5 

27.  Slough,  left  bank   16.5 

28.  East  Gallatin,  sixth  bridge   92.  0 

29.  Slough  enters  East  Gallatin  IJ  miles  below  sixth  bridge  on  left  bank   21.7 

30  and  31.  Small  creek,  100  yards  below  left  bank   1. 0 

32.  East  Gallatin,  seventh  bridge,  Dry  Creek   181. 0 

33.  Small  stream  into  East  Gallatin,  150  yards  above  seventh  bridge  . .    6. 4 

34.  Large  stream,  Foster  Creek   42.1 

  48. 5 

35.  Stream  into  left  bank,  three-fourths  mile  below  seventh  bridge   13.  3 

36.  Dry  Creek,  one-fourth  mile  below  seventh  bridge   5.  3 

37.  Dry  Creek  ditch  empties  into  East  Gallatin   2. 1 

38.  Branch  Dry  Creek                                                                        4.5  ■ 

39.  Branch  Dry  Creek   6.0 

  17.9 

40  and  41.  East  Gallatin,  eighth  (Kinney's)  bridge   284. 1 

42.  Small  stream,  three-eighths  mile  below  eighth  bridge,  left  bank   4.  7 

43.  Small  stream,  one-fourth  mile  below  eighth  bridge,  left  bank   8. 6 

44  and  45.  East  Gallatin,  ninth  (Brooks's)  bridge   336.8 

46.  Small  creek,  left  bank,  1  mile  below  ninth  bridge   4. 0 

East  Gallatin  Biver  seepage  computations. 

1.  Bozeman  Creek   12.5 

2.  Rocky  Creek   9.1 

3.  Mill  ditch   22.1 

4.  Bridger  Creek   2.7 

  46.4 

5.  .Jackson  ditch   0.0 

7.  Ditch   2.8 

  2.8 

Difference   43. 6 


6.  East  Gallatin,  first  bridge   48. 3 


Gain   4.7 


.  6.  East  Gallatin,  first  bridge   48. 3 

9.  Ditch   0.  0 

8.  East  Gallatin,  second  bridge   58.  0 

  58.0 

Gain   9.  7 


8.  East  Gallatin,  second  bridge   58. 0 

11.  Slough   0.5 


58.5 

10.  Nelson  &  Arnold  ditch   4.  7 

13.  Branch   7.7 

14.  Ditch   2.3 

17.  Ditch   0.  0 

18.  Touhy's  ditch   1. 5 

19.  East  Gallatin,  third  bridge   20.  2 

  36.4 


Loss 


22. 1 
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Second-feet. 

12.  Middle  Creek   39. 2 

13.  Hraiicli   " 

19.  East  Gallatin,  third  bridge   20.  2 

  67.1 

21.  Ditch   0.0 

22.  Ditch   0.  0 

20.  East  Gallatin,  fourth  bridge   50.  5 

  .50.5 

Loss   10. 6 


20.  East  Gallatin,  lourth  bridge   .50.  5 

23.  Cottonwood  Creek   4.  9 

24.  Creek   14.9 

25.  Reese  Creek   7.0 

25a.  Small  Slough   1.0 

  78.3 

28.  East  Gallatin,  sixth  bridge   92. 0 


Gain   13.7 


28.  East  Gallatin,  sixth  bridge   92.  0 

27.  Slough   16.5 

29.  Slough   21.7 

30  and  31.  Small  ereek   1.0 

33  and  34.  Foster  Creek   48.5 

  179.7 

32.  East  Gallatin,  seventh  bridge   181.0 


Gain    1.3 


32.  East  Gallatin,  seventh  bridge   181.0 

35.  Creek   13.3 

36  to  39.  Dry  Creek   17.  9 

  212.  2 

40  and  41.  East  Gallatin,  eighth  bridge   281. 1 


Gain   71.9 


40  and  41.  East  Gallatin,  eighth  bridge   284.  1 

42.  Creek   4.7 

43.  Creek   8.6 

  297.4 

44  and  45.  East  Gallatin,  ninth  bridge   336.  8 


Gain    39.4 


WEST  GALLATIN  RIVER. 

The  station  on  this  river  is  one  of  the  most  important  of  the  Montana 
stations,  as  a  number  of  large  irrigation  canals  are  taken  therefrom. 
The  Kleinsclimidt  ditch,  carrying  about  50  second-feet,  diverts  water 
from  the  river  above  the  station.  In  the  table  for  monthly  discharges 
the  average  for  January,  February,  and  March,  as  well  as  that  lor 
November,  has  been  estimated,  as  the  river  varies  but  little  during 
those  months.  The  discharge  measurements  and  table  of  gage  heights 
were  published  in  Water-iSupi)ly  and  Irrigation  Pai)er  No.  15,  p.  GG. 
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Bating  table  for  Wesi  Gallatin  liiver  at  Salesville,  Montana,  for  1897. 


Gage 
height. 

Discharge. 

1 

Gage 
height. 

Discharge. 

Gage 
heiglit. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Seeond-feet. 

Feet. 

Second  feet. 

3.0 

400 

3.7 

1,000 

4.8 

2, 125 

6.0 

4,250 

3.1 

4,50 

3.8 

1, 100 

5.0 

2, 450 

6.2 

4,«610 

3.2 

510 

3.9 

1,  200 

5.2 

2,810 

6.4 

4, 970 

3.3 

600 

4.0 

1,  300 

5.4 

3, 170 

6.6 

5,  330 

3.4 

700 

4.2 

1, 500 

5.6 

3,530 

6.8 

5,  690 

3.5 

800 

4.4 

1,  700 

5.8 

3,890 

7.0 

6,050 

3.6 

900 

4.6 

1,900 

Estimated  monthly  discharge  of  West  Gallatin  River  at  Salesville,  Montana. 
[Drainage  area,  860  square  Diiles.] 


Month. 


1897. 

January  ... 
February  . . 

March  

April  

May  

June  

July  - 


Discbarge  in  second-foet. 


Maxi- 
mum. 


Mini- 
mum. 


Mean. 


Total  in  acre- 
feet. 


August. 


September 
October  . . . 
November  . 
December  . 


1,  300 
5,  780 
5,510 
1,950 
900 
510 
600 


The  year 


350 
1,  450 
1,  750 
900 
510 
510 
510 


a  250 
a  250 
tt  300 
582 
3,  839 
2,  803 
1,316 
637 
510 
526 
a  450 
a  450 

993 


15,  372 
13,  884 
18,  446 
34,  630 
236,  050 
166,  790 
80,  920 
39, 168 
30,  345 
32,  344 

26,  778 

27,  669 

722,  396 


Run-off. 


Depth  in 
inches. 


0.  33 
0. 30 
0. 40 
0.75 
5. 15 
3.  64 
1. 76 
0.85 
0.  65 
0.70 
0.  58 
0. 60 

15. 71 


Second- 
feet  per 
square 
mile. 


0. 29 
0.  29 
0.35 
0.  68 
4. 46 
3.  26 
1.53 
0.  74 
0. 59 
0. 61 
0. 52 
0.52 

1.15 


a  Approximate. 
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S«:.-ft. 
12,  000 

11,000 

10,  000 
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8, 000 
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4, 000 

3,000 

2.  000 

1,000 

0 


JAN. 
10  20 

FEB 
10  20 

MARCH 

10  20 

APRI  L 
10  20 

MAY 

10  20 

JUNE 
10  20 

JULY 
10  20 

AUG. 
10  20 

SEPT. 
10  20 

OCT 
10  20 
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10  20 

DEC. 
10  20 

\ 

t 

1 

1 

r 

* 

1 

■ 

1 

□ 

1 

■ 

1 

■ 

1 

a 

a\ 

a 

a  A|)i)n)xiniatc. 

Fig.  78.— Discharge  of  West  Gallatin  River  at  Salesville,  Montana,  1897. 


GALLATIN  RIVER. 

The  gaging  station  on  this  river  is  k)cated  at  the  railroad  bridge  at 
Logan,  :\rontaua,  0  miles  above  the  mouth  of  the  river.  The  data  show 
the  amount  of  water  running  to  waste  at  this  point,  and  present  also  the 
discharge  of  East  Gallatin  Eiver.  The  station  was  described  and  the 
list  of  discharge  measurements  and  table  of  gage  heights  for  1897  given 
in  Water- Supply  and  Irrigation  Paper  No.  15,  p.  G8. 

Rating  table  for  Gallatin  River  at  Logan,  Montana,  for  1897. 


Gage 
1  heignt. 

Discharge.  ^ 

Gage 
height. 

1 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
heignt. 

Discharge. 

Feet. 

Second-feet. ' 



Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

0.5 

360 

L3 

800 

2.2 

1,710 

3.8 

4,750 

0.6 

400 

1.4 

870 

2.4 

2,090 

4.0 

5, 130 

0.7 

450 

L5 

940 

2.6 

2, 470 

4.2 

5,510 

0.8 

500 

L6 

1,020 

2.8 

2, 850 

4.4 

5,  890 

0.9 

550 

1.7 

1, 120 

3.0 

3,  230 

4.6 

6,  270 

1.0 

610 

1.8 

1,220 

3.2 

3,  610 

4.8 

6.  650 

1.1 

660 

1.9 

1,330 

3.4 

3,  990 

5.0 

7,030 

1.2 

730 

2.0 

1 

1,  450 

1. 

3.6 

4,  370 

I 
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Estimated  monthlij  discharge  of  Gallatin  Eiver  at  Logan,  Montana. 

[Drainage  area,  1,620  square  miles.] 


Montli. 


Discharge  in  second-feet. 


Maxi- 
mum. 


1,450 


1897. 

January  .  

February   

March  

April  

May   6,  460 

June  !  6,270 

July  i    1,  330 

August   450 

September   550 

October  

Xovember  

December  


The  year 


695 
800 
870 


Mini- 
mum. 


635 
1,390 
1, 450 
400 
425 
450 
550 
610 
600 


Mean. 


a  700 
a  650 
a  650 
990 
3,  777 
2,  900 
694 
448 
518 
616 
674 
646 


1, 105 


Total  in  acre- 
feet. 


43,  040 
36, 100 
39,  965 
58,  910 
232,  240 
172,  560 
42,  670 
27,  546 
30,  823 
37,  875 
40, 105 
39,  720 


Run -off. 


Depth  in 
inches. 


801,  554 


0. 49 
0. 42 
0. 46 
0.  68 
2.69 
2.00 
0.49 
0.  32 
0. 36 
0. 44 
0. 47 
0. 46 


9.  28 


Second - 
feet  per 
square 
mile. 


0.  43 
0.40 
0. 40 
0.  61 
2.33 
1.79 
0. 43 
0.  28 
0.  32 
0.  38 
0.42 
0.  40 


0. 68 


a  Approximate. 


Sec.-ft. 

12, 000 


Fio.  79.— Discharge  of  Gallatin  River  at  Logan,  Montana,  1897. 
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MADISON  RIVER. 

The  source  of  this  river  is  in  the  continental  divide,  in  Yellowstone 
National  Park.  Its  course  is  northerly,  in  canyon  most  of  the  way, 
until  it  is  some  distance  beyond  the  western  boundary  of  the  park. 
Ennis  is  at  the  lower  end  of  an  opening  of  considerable  extent,  called 
the  Upper  Madison  Yalley.  Below  Meadow  Creek  the  blufi's  close  in 
again  and  the  river  is  in  canyon  to  below  the  mouth  of  Cherry  Creek ; 
beyond  this  it  gradually  opens  out  into  the  lower  valley.  Little  irriga- 
tion is  practiced  along  the  course  of  the  river,  except  at  its  lower  end. 

For  several  years  previous  to  1897  a  gaging  station  on  this  river  was 
maintained  at  Threeforks,  just  above  the  mouth.  It  has  been  a  poor 
section,  however,  on  account  of  the  many  sloughs  which  carry  off  the 
flood  waters  and  which  were  not  included  in  the  measurements.  This 
station  was  maintained  on  account  of  the  heavier  expense  of  having 
one  farther  up  in  the  canyon  and  because  of  the  limited  funds  then 
allotted  for  the  work.  May  1,  1897,  the  station  was  moved  30  miles  up 
the  river  and  the  gage  established  at  Mrs.  Black's  ranch,  just  above 
the  mouth  of  Elk  Creek.  Discharge  measurements  were  made  at  the 
Eed  Bluff  iron  highway  bridge,  about  3  miles  above.  Cherry  Creek 
enters  between  the  bridge  and  the  gage  rod,  and  it  was  necessary  to 
measure  its  discharge  whenever  a  measurement  of  the  main  river  was 
made.  The  old  station,  as  described  in  Bulletin  No.  131,  p.  18,  was 
located  at  what  is  known  as  Haywood  Bridge,  1  mile  below  the  new 
iron  bridge. 

In  the  table  of  monthly  discharges  the  figures  for  the  first  four 
months  of  the  year  are  for  the  Threeforks  station.  During  the  low 
stage,  however,  most  of  the  water  passed  through  the  main  channel  at 
this  point,  so  that  the  figures  will  be  approximately  correct  for  the  Eed 
Bluff  station,  as  the  river  did  not  commence  to  rise  until  the  end  of 
April.  From  May  18  to  May  26,  inclusive,  the  river  was  slightly  over 
the  top  of  the  gage,  so  that  it  could  not  be  read.  The  height  probably 
reached  about  4.20  feet,  but  the  overflow  was  largely  quiet  water  and 
the  main  discharge  was  confined  to  the  old  channel.  It  is  not  thought 
that  the  maximum  discharge  exceeded  12,000  second-feet. 


Bating  table  for  Madison  River  at  lied  Bluff,  Montana,  for  1897. 


Gage 
height. 

Discbarge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

1.0 

1,  100 

1.7 

2,  200 

2.8 

5, 525 

4.2 

10,  075 

1.1 

1,  200 

1.8 

2,  450 

3.0 

6, 175 

4.4 

10,  725 

1.2 

1,  300 

1.9 

2,  700 

3.2 

6,  825 

4.6 

11,375 

1.3 

1,  450 

2.0 

3,000 

3.4 

7,  475 

4.8 

12,  025 

1.4 

1,  600 

2.2 

3,  600 

3.6 

8, 125 

5.0 

12,  675 

1.5  • 

1,  800 

2.4 

4,  225 

3.8 

8,  775 

1.6 

2, 000 

2.6 

4,  875 

4.0 

9,425  1 
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Estimated  monthly  discharge  of  Madison  River  at  Red  Bluff,  Montana. 
[Drainage  area,  2.085  sqnare  miles.] 


Month. 


1897. 
January  . . 
February  . 

March  

April  


Discharge  in  second-feet. 


Maxi- 
mum. 


June  

July  

August  ... 
September 
October ... 
November. 
December  . 


Mini- 
mum. 


8,  613 

3,  300 

8,  613 

2,  700 

3,  000 

2,000 

2,000 

1,600 

1,600 

1,  525 

1, 800 

1,  450 

Mean. 


al,  600 
ol,  600 
a  1,600 
a  1,  900 
4,  928 
4, 430 
2,  553 
1,  681 
1, 544 
1,  634 
al,  700 
al,  700 


Total  in  acre- 
feet. 


98,  380 
88,  859 
98, 380 
113,  058 
205,  264 
263,  600 
156,  980 

103,  360 
91, 870 

100,  470 
101, 157 

1 04,  529 


Run-off. 


Depth  in 
inches. 


0. 89 

0. 80 
0. 89 
1. 01 
1.85 
2. 36 
1.41 
0.  93 
0.82 
0.  87 
0. 90 
0. 93 


Second- 
feet  per 
square 
mile. 


0.77 
0. 77 
p.  77 
0. 91 
2.  36 
2. 12 
1. 22 
0.  81 
0. 74 
0. 78 
0. 81 
0.  81 


a  Approximate. 


a  Approximate. 

Fig.  80. — Discharge  of  Madison  Kiver  at  Ked  Bluff,  Montana,  1897. 
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JEFFERSON  RIVER. 

Jefferson  Eiver  is  formed  by  the  union  of  Big  Hole  and  Beaver  Head 
rivers.  The  former  stream  has  its  source  among  the  high  and  almost 
inaccessible  ranges  of  the  Rocky  Mountains,  and  forms  the  continental 
divide  and  the  State  boundary  line  between  Montana  and  Idaho.  The 
head-water  tributary  of  Beaver  Head  Eiver  is  Red  Rock  Creek,  rising 
in  the  southwestern  part  of  the  State  about  20  miles  west  of  the  bound- 
ary line  of  Yellowstone  National  Park. 

More  or  less  irrigation  is  practiced  in  the  valleys  of  the  tributaries 
of  Beaver  Head  River,  but  in  a  somewhat  crude  way.  The  principal 
crop  is  alfalfa,  and  the  method  of  applying  water  by  flooding  is  produc- 
tive of  considerable  waste.  The  country  is  generally  at  too  high  an 
elevation  for  any  but  the  more  hardy  crops. 

The  most  notable  enterprise  during  the  past  year  in  this  vicinity  has 
been  the  power-development  project  on  Big  Hole  River  at  Divide.  A 
dam  has  here  been  placed  in  the  river  and  the  electric  power  developed 
is  to  be  transmitted  by  wire  to  Butte,  a  distance  of  17  miles,  where  it 
is  to  be  used  in  the  lighting  of  the  city  and  as  motive  power  for  the 
street  railways.  The  Montana  Power  Company  controls  the  euterjjrise, 
and  its  main  object  is  to  furnish  power  for  the  hoisting  of  ores  from 
the  mines  in  the  vicinity  of  Butte.  It  is  estimated  that  when  com- 
pleted this  i)roject  will  have  cost  over  a  million  dollars.  Mr.  M.  S. 
Parker,  engineer  for  the  company,  states  that  Big  Hole  River  at  the 
power  house  had  a  very  uniform  flow  from  the  middle  of  August,  1897, 
to  the  end  of  the  year,  averaging  350  second-feet. 

Within  the  past  year  work  has  been  prosecuted  on  another  canal  which 
takes  water  from  Jefferson  River,  about  15  miles  below  the  junction 
of  Big  Hole  and  Beaver  Head  rivers,  and  is  to  be  used  for  a  smelter 
near  Whitehall.  The  canal  is  about  10  miles  long,  but  for  several  miles 
of  its  course  runs  through  a  limestone  much  cracked  and  fissured. 
The  loss  of  water  through  this  section  has  been  of  such  considerable 
extent  that  the  company  has  been  compelled  to  consider  plans  for  pre- 
venting it.  It  is  hardly  feasible  to  close  the  fissures  by  silting  them 
up,  owing  to  their  considerable  extent,  and  it  is  i)robable  that  it  will  be 
necessary  to  construct  a  flume  across  this  place. 

The  gaging  station  on  Jettcrson  River  is  located  at  Sappington,  and 
observations  and  measurements  of  discharge  were  maintained  through 
1897.  The  station  is  described  and  a  list  of  discharge  measurements 
and  the  table  of  gage  heights  given  in  Water-Supply  and  Irrigation 
Paper  No.  15,  p.  70.  A  wire  gage  is  fastened  to  the  guard  rail  of  the 
Northern  Pacific  Railway  bridge,  but  measurements  of  discharge  were 
made  from  a  car  and  cable  erected  a  short  distance  above  tlic  bridge. 
During  the  low-water  stage  of  tiie  river  in  August  the  readings  on  the 
rod  were  minus,  and  on  November  1  tlie  rod  was  lowered  0.8  of  a  foot 
by  moving  it  that  much  nearer  to  the  pulley. 
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Rating  table  for  Jefferson  Biver  at  Sapinnglon,  Montana,  for  1897. 


Gage 
height. 

Discharge. 

Gage 
1  height. 

1 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height, 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

—0.5 

390 

0.4 

860  , 

1.6 

2,  500 

3.4 

6,600 

—0.4 

420 

0.5 

940 

1.8 

2,900 

3.6 

7, 300 

-0.3 

460 

0.6 

1,  020 

2.0 

3,300 

3.8 

8, 100 

—0.2 

500 

i 

1, 100 

2.2 

3,700 

4.0 

8,940 

—0.1 

550 

0.8 

1, 225 

2.4 

4, 100 

4.2 

9,780 

0.0 

600 

0.9 

1,  350 

2.6 

4, 500 

4.4 

10,  620 

0.1 

650 

1.0 

1, 475 

2.8 

5,000 

4.6 

11,460 

0.2 

700 

1.2 

1, 775 

3.0 

5, 500 

4.8 

12, 300 

0.3 

780 

1.4 

2,125 

3.2 

6,000 

5.0 

13, 140 

Estimated  monthly  discharge  of  Jefferson  Itiver  at  Sappington,  Montana. 
[Drainage  area,  8,984  square  miles.] 


Month. 


1897. 

January   

February  .. 

March  

April   

May  

.Tune  

July  

August  

Seiitember  . 

October  

November.. 
December . . 


The  year . 


Discharge  in  second-feet. 


Maxi- 
mum. 


Mini- 
mum. 


11,  040 
7,  900 
4, 100 
1, 100 
860 
1,225 


5,  375 
2,  900 
1, 100 
550 
550 
780 


Mean. 


al,  500 
a  1,  500 
a  1,  500 
a  3,  300 
8,587 
4,274 
2,356 
794 
758 
1,  013 
a  1,  300 
a  1, 400 

2,357 


Total  in  acre- 
feet. 


92,  230 
83,  305 
92,  2:w 
196,  364 
528,  000 
254,  320 
144,  870 
48, 820 
45, 105 
62,  290 
77,  355 
92,  231 

1,  717, 120 


Runoff. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

0.20 

0.17 

0. 18 

0. 17 

0. 20 

0. 17 

0.41 

0. 37 

1.10 

0.  96 

0. 54 

0.48 

0.  30 

0.26 

0. 10 

0. 09 

0.09 

0.08 

0. 12 

0. 11 

0. 16 

0. 14 

0. 18 

0. 16 

3.58 

0.26 

a  Approximate. 
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a  Approximate. 

Fig.  81.— Discharge  of  Jefferson  River  at  Sappingtou,  Montana,  1897. 
MISSOURI  RIVER. 

Occasional  measurements  at  the  gaging  station  at  Town  send  were 
made  in  1897.  A  list  of  these  is  given  in  Water-Supply  and  Irrigation 
Taper  Xo.  15,  p.  65.  Observations  of  gage  heights  are  maintained 
by  the  Missouri  Eiver  Commission,  and  although  the  section  is  not  an 
ideal  one,  it  still  seems  desirable  to  make  occasional  measurements, 
as  the  station  is  easily  accessible  and  the  daily  gage  observations  are 
taken  at  no  ex])ense  to  this  Survey. 

In  the  fall  of  1807  a  dam  for  an  electric  plant  was  practically  com- 
pleted on  Missouri  Kiver  a  short  distance  below  Canyon  Ferry.  The 
power  developed  is  to  be  transmitted  by  wire  and  to  be  used  in  the 
smelters  in  the  vicinity  of  Helena. 

Ratiiuj  table  for  Missouri  River  at  Tounsend,  Montana,  for  1897. 


Gaee 
height. 

Discharge. 

1 

Gage 
height. 

Discbarge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

88.0 

1,800 

89.6 

6,  110 

91.2 

12, 100 

92.8 

20,200 

88.2 

2, 200  1 

89.8 

6,  790 

91.4 

13,000 

93.0 

21,  300 

88.4 

2,600 

90.0 

7,  480 

91.6 

13,  900 

93.2 

22,400 

88.6 

3,040 

90.2 

8,180 

91.8 

14, 8.50 

93.4 

23,  500 

88.8 

3,600 

90.4 

8,900 

92.0 

15, 850 

93.6 

24, 700 

89.0 

4,200 

90.6 

9,  700 

92.2 

16,  900 

93.8 

25,  900 

89.2 

4,  KIO 

'  90.8 

10,  .500 

92.4 

18,  000 

89.4 

5, 450 

91.0 

n,:m 

92.6 

19, 100 
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EHtimated  mouthhj  (Uncharge  of  Missouri  Hirer  at  Toivnacnd,  Montana,  for  189G. 

[Drainage  area,  14,500  square  miles.] 


Month. 


1896. 
January  . . . 
February  .. 
March  


Discharge  iu  second-feet. 


Maxi- 
mum. 


Mini- 
mum. 


April  

5,  780 

3,900 

May  

13,  675 

5,780 

32, 500 

15, 100 

July  -  

15,850 

4, 810 

4,500 

3,300 

September  

4,500 

3,900 

October  

4,  200 

3,  600 

November 
December  . 


The  year 


Mean. 


a  3,  600 
a  3, 600 
a  3,  600 
4,  215 
7,494 
25, 904 
9, 199 
3,953 
4,  225 
3,  895 
a  3,  800 
a  3,  800 


6,  440 


Enn-off. 


Total  iu  acre- 
feet. 


221, 355 
207,  074 
221,  355 
250, 810 
460,  788 
1, 541, 395 
565, 624 
243,  061 
251,  405 
239,  494 
226, 116 
233,  653 


Deptli  iu 
inches. 


4, 662, 130 


0. 29 
0. 27 
0.29 
0. 33 

0.  60 

1.  99 
0.72 
0.31 
0.  32 
0.31 
0.  29 
0.  30 


Second- 
feet  per 
square 
mile. 


5.  71 


0.25 
0. 25 
0. 25 
0. 29 
0. 52 
0.  78 
0.63 
0.  27 
0.29 
0. 27 
0.  26 
0. 26 


0. 36 


a  Apjiroxiiiiate. 


JULY 
10  20 

AUG 
10  20 

SEPT 
10  20 

OCT 
10  20 

NOV 
10  20 

DEC 
10  20 

1 

■I 

* 

,1 

■■ 

a 

a 

S.r.ri.  JAN  FEB.  MARCH 
32  000     '0  ?0        10  10  20 

30, 000 
28,  000 
26,  000 
24,  000 
22,  000 
20, 000 
18,  000 
16, 000 
14,000 
12, 000 
10, 000 

8,  000 

6,000 

4,000 

2,  000 
1) 


APRI  L 
10  20 


JUNE 
10 


a  Approximate. 

Fig.  82.— Discharge  of  Missouri  River  at  Townsend,  ]M<iiitaiia.  1896. 
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Estimated  monthly  discharge  o  f  Missouri  River  at  Townsend,  Montana,  for  1897. 

[Drainage  area,  14,500  square  miles.] 


Month. 


1897. 
January  ... 
February  . . 
March   


Discharge  in  aecond-feet. 


Maxi- 
mum. 


Mini- 
mum. 


Mean. 


April   

11,  300 

4,  200 

May  

21,  300 

9,700 

June  

19,  650 

7,830 

July  

8, 180 

3,300 

August  

3,  300 

2,200 

September  

2,  820 

2,  200 

3,  600 

3,040 

November    

3,600 

3,  300 

December 


The  year . 


a  2,  800 
a2, 800 
a  3,  000 
6,995 
15,  811 
11, 374 
5,345 
2,  642 

2,  611 
3, 264 

3,  410 
o3,600 


5,  304 


Run-oflf. 


Xotal  in  acre- 
feet. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

172, 170 

0. 22 

0. 19 

156,  503 

0. 20 

0. 19 

184, 460 

0,24 

0. 21 

416,  230 

0.55 

0. 48 

972,  200 

1. 26 

1.09 

676, 800 

0. 87 

0.  78 

328,  650 

0. 43 

0.  37 

162,  450 

0. 21 

0. 18 

155,  366 

0. 20 

0. 18 

200,  700 

0. 26 

0. 23 

202,  900 

0. 27 

0.24 

221, 355 

0. 29 

0.25 

3,  849,  784 

5. 00 

0. 37 

a  Approximate. 


Sec.-ft. 

32,  oon 
30.  OUO 
28, 000 
26,  000 
24,  000 
22.000 
20,  OX) 
18,  UOO 
16,  000 
14,000 
12,  000 
10,  000 
8,  000 
6,  CXtO 
4,  00(1 
2.000 
0 


pKiKiiiir 


(/  .Vpproxiiiiatf. 

Fig.  83. — Discharge  of  Mis.souri  Kiver  at  Townsend,  Montana,  1897. 
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MILK  RIVER. 

Milk  Kiver  rises  on  the  eastern  slope  of  tlie  Rocky  Mountains  in  the 
extreme  northern  part  of  Montana.  The  tributaries  have  a  general 
northeasterly  direction,  crossing  the  national  boundary  into  British  ter- 
ritory, in  which  there  is  a  large  area  in  the  province  of  Alberta  drained 
by  other  tributaries  of  Milk  Eiver.  The  stream  reenters  the  United 
States  at  about  longitude  110'^  30'  W.,  and  flows  in  a  general  soutli- 
easterly  direction  to  Havre.  Thence  the  course  is  easterly  to  where 
the  river  enters  the  Missouri,  about  120  miles  above  the  mouth  of  the 
Yellowstone. 

The  valley  of  this  river  is  fertile  and  well  adapted  to  agriculture  for 
the  hardier  grains,  such  as  oats,  wheat,  barley,  and  hay.  Development 
in  this  section  has  been  slow,  however,  owing  to  the  lack  of  transjwrta- 
tion  facilities,  the  Great  jSTorthern  Railway  having  only  been  built 
within  recent  years;  and  until  recently  the  entire  strip  of  country 
between  the  eastern  State  line  and  the  Rocky  Mountain  divide,  and 
bounded  on  the  south  by  the  Missouri  and  Marias  rivers,  including 
the  basin  of  Milk  River,  was  an  immense  Indian  reservation.  It  was 
thrown  open  to  settlement,  however,  a  few  years  ago,  and  development 
since  has  been  rapid.  The  area  drained  by  Milk  River  after  it  reenters 
the  United  States  is  one  vast  rolling  prairie  land,  excellent  for  grazing 
purposes,  still  covered  with  a  good  growth  of  grass,  in  contrast  to  many 
of  the  noted  grazing  lands  in  Washington  and  Oregon  and  other  parts 
of  Montana,  which  have  been  nearly  destroj^ed  by  the  amount  of  stock 
maintained  on  them. 

A  number  of  canals  are  now  constructed  taking  water  from  both 
sides  of  Milk  River.  The  most  important  is  that  of  the  Fort  Belknap 
Irrigation  Company,  which  heads  on  the  north  side  of  the  river  about 
10  miles  above  the  gaging  station  at  Chinook,  and  near  old  Fort  Belknap, 
and  is  controlled  by  a  corporation  of  farmers  and  stock  men  irrigating 
lands  in  the  vicinity  of  Chinook.  A  small  ditch,  the  Davey  ditch, 
heads  on  the  south  bank  of  the  river  Just  below  Toledo  and  extends 
from  there  to  Yantic.  The  next  ditch  of  importance  is  Ilarlem  canal, 
owned  by  a  stock  company  and  irrigating  lands,  between  Zurich  and 
Harlem.  Paradise  Valley  canal  is  an  enterprise  of  considerable  mag- 
nitude, taking  water  from  the  south  side  of  Milk  River  just  below  the 
mouth  of  the  North  Fork  and  about  5  miles  east  of  Chinook.  A  num- 
ber of  smaller  ditches  irrigate  lands  on  i)rivate  ranches  from  the  tribu- 
taries of  Milk  River,  the  most  notable  being  North  Fork  ditch.  Cook 
ditch  is  a  recent  enterprise  from  this  latter  tributary. 

The  main  crops  raised  here  are  oats  and  hay,  which  lind  a  ready 
market  at  the  military  posts,  and  on  the  stock  ranches  where,  on  account 
of  the  severe  winters,  the  more  progressive  stockmen  have  found  it 
necessary  to  feed  their  stock  during  the  winter  season. 

Owing  to  its  great  length  Milk  Kiver,  in  the  lower  section,  is  at  such 
a  distance  from  the  high  snow  lields  of  the  Rocky  Mountains  that  the 
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gradual  melting  of  tbe  snow  in  the  spring  does  not  maintain  the  con- 
stant tlow  in  the  river  that  it  otherwise  would.  The  snowfall  on  the 
lower  basin  in  some  winters  is  considerable,  but,  the  altitude  being 
relatively  low,  whenever  a  warm  wind,  or  "chinook,"  as  it  is  called, 
striivcs  the  snow,  it  melts  with  exceeding  rapidity,  finds  its  way  into  the 
creeks,  and  causes  them  to  rise  to  considerable  heights.  Milk  Eiver,  as 
a  result,  is  a  very  flashy  stream,  rising  and  falling  suddenly  and  eroding 
its  banks  at  each  rise.  On  account  of  the  instability  of  the  banks  it 
has  been  found  ditHeult  to  maintain  canal  headworks,  and  a  number 
have  been  destroyed  from  time  to  time.  So  variable  a  stream,  as  a 
general  rule,  has  a  low  discharge  in  summer,  and  Milk  Eiver  ia  no 
exception  to  the  rule.  The  last  year  or  so  the  Fort  Belknap  and 
other  ditches  have  found  it  difficult  to  obtain  sufficient  water  during 
the  irrigating  season.  The  basin,  as  mentioned  above,  is  of  a  rolling 
character,  intercepted  by  numerous  draws,  or  coulees,  down  which  water 
pours  during  certain  seasons  of  the  year.  A  number  of  these  are  known 
to  be  excellent  reservoir  sites,  and  some  of  the  ranchers  are  consider- 
ing the  advisability  of  damming  a  number  of  them  at  their  outlets  and 
storing  the  spring  freshets. 

One  in  particular,  not  very  far  from  Chinook,  in  Eed  Eock  Canyon, 
is  a  fine  site,  and  construction  work  on  a  rock  and  earthen  dam  was  to 
have  been  started  in  the  fall  of  1807.  Owing  to  the  desirability  of 
obtaining  an  idea  of  the  amount  of  flood  water  passing  down  this  stream, 
especially  in  connection  with  reservoir  propositions,  a  gaging  station 
was  established  at  the  wagon  bridge,  1  mile  south  of  Chinook,  May  25, 
1897.  This  station  is  described  in  Water-Supply  and  Irrigation  Paper 
No.  lo,  p.  73.  Only  three  measurements  of  discharge  were  made, 
the  number  not  being  sufficient  to  construct  a  rating  table.  May  25, 
gage  height,  1.40  feet;  discharge,  110  second  feet;  July  3,  gage  height, 
2.30  feet;  discharge,  4G0  second-feet;  November  10,  gage  height,  0.72 
foot;  discharge,  34  second-feet.  To  illustrate  the  rapid  rise  of  this 
stream  it  is  only  necessary  to  inspect  the  table  of  gage  heights.  For 
instance,  on  June  15  the  gage  read  0.8  foot;  the  next  day  it  was  l.-t  feet. 
On  June  17  it  jum])ed  to  0  feet  and  then  gradually  fell. 

The  station  was  discontinued  at  the  end  of  October.  It  was  resumed 
in  the  spring  of  1898,  but  will  be  removed  to  Havre,  about  20  miles 
above.  This  places  it  above  the  head  of  Fort  Jielknap  ditch,  which 
takes  a  considerable  amount  of  water,  and  the  measurements  will  show 
the  amount  available  for  storage  purposes. 

YET.T^OWSTONE  BASIX. 

YELLOWSTONE  RIVER. 

This  river  has  its  source  in  Yellowstone  Lake  in  the  National  I'ark, 
and  where  it  crosses  the  line  into  Montana  has  a  large  How  throughout 
all  seasons  of  the  year.  A  description  of  the  basiu  will  be  found  in  the 
Thirteenth  Annual  Eeport  of  this  Survey,  I'art  III,  beginning  on  i)age 
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63.  The  old  gaging  station  on  this  river  was  located  at  Ilorr,  about 
4  miles  below  Cinnabar.  A  new  station  was  established  May  2,  ]807, 
at  the  highway  bridge  5  miles  south  of  Livingston,  at  the  mouth  of  the 
canyon.  The  description  and  list  of  discharge  measurements  made  in 
1897  at  this  station  will  be  found  in  Water-Supply  and  Irrigation  Paper 
No.  15,  p.  74.  All  diversions  from  this  river  are  made  below  the 
station. 

The  only  project  of  considerable  magnitude  during  1897,  in  the  line 
of  irrigation  developments  along  this  river,  was  in  the  vicinity  of  Bill- 
ings, and  was  the  result  of  a  desire  to  take  advantage  of  the  grant  by 
the  General  Government  of  certain  arid  lands  authorized  by  the  so- 
called  Carey  Act.  The  State  has  undertaken  the  construction  of  a 
canal  heading  on  the  north  side  of  Yellowstone  River,  a  short  distance 
above  Laurel,  with  the  idea  of  irrigating  the  bench  lands  in  the  vicinity 
of  Billings.  A  number  of  canals  are  already  taken  from  the  river  in 
this  vicinity,  but  they  serve  only  the  bottoms.  For  a  few  years  tbese 
lowlands  produced  excellent  crops,  but  within  the  last  year  or  so  con- 
siderable alkali  has  developed  in  the  soil.  Experiments  are  now  being 
made  at  the  Agricultural  College  in  Bozeman  to  devise  means  to  over- 
come this.  The  bench  lands,  which  the  State  ditch,  as  it  is  called,  is 
to  irrigate,  are  of  better  quality  than  those  adjacent  to  the  river.  The 
work  on  this  ditch  was  interrupted  in  1897  owing  to  a  number  of  law- 
suits instituted  in  order  to  determine  the  validity  of  the  State  bonds 
which  have  been  issued  for  its  construction.  The  State,  through  a 
Commission,  is  building  the  ditch,  i)ayiug  for  the  work  either  in  bonds 
or  in  land. 


Bating  table  for  Yellowstone  River  at  Livingston,  Montana,  for  1897. 


Gage 
heigut. 

Discharge. 

Gage 
heiglit. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
heignt. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

0.7 

1,200 

2.0 

3,  300 

3.6 

7,600 

5.2 

17,520 

0.8 

1,  300 

2.  2 

3,710 

3.8 

8,  840 

5.4 

18,  760 

0.9 

1, 400 

2.4 

4, 130 

4.0 

10,  080 

5.6 

20,  000 

1.0 

1,  500 

2.6 

4,  550 

4.2 

11, 320 

5.8 

21,  240 

1.2 

1, 800 

2.8 

4,  990 

4.4 

12, 560 

6.0 

22,  480 

1.4 

2, 120 

3.0 

5,  440 

4.6 

13,  800 

6.2 

23,  720 

1.6 

2,  500 

3.2 

6.  000 

4.8 

15,  040 

6.4 

24, 960 

1.8 

2, 900 

3.4 

6,  650 

5.0 

16,280 

6.6 

26, 200 

NEWELL.]  YELLOWSTONE  KIVER. 

Estimated  monthly  discharge  of  Yellowstone  River  at  TAcingston,  Montana. 
[Drainage  area,  3,580  square  miles.] 
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Month. 

Diachargo  in  second  feet. 

Total  ill  ai  re- 
feet. 

Kun-ofi'. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1897. 

May  

23,  100 

3,  200 

13, 402 

824,  057 

4.31 

3.  74 

June  

26,  820 

10, 080 

Id,  257 

907,  850 

4.75 

4.26 

July  

11, 940 

5, 100 

7, 231 

444,  620 

2.  33 

2.02 

4,  990 

3, 100 

4,099 

252,  040 

1.33 

1.15 

3,100 

1,950 

2, 450 

145,  780 

0. 75 

0. 68 

October  

2, 210 

1,650 

1,  915 

117,  750 

0. 61 

0.  53 

al,  600 

95, 207 

0. 50 

0.  4.-) 

(fl,  300 

79, 934' 

0.41 

0.  3G 

a  Approximate. 


Fio.  84.— Discharge  of  Yellowstone  River  at  Livingston,  Montana,  1897. 
19  GEOL,  PT  4  1!) 
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List  of  mi8cellaneou8  discharge  measurements,  Upper  Missouri  Basin. 


Date. 

Stream. 

Locality. 

Meter 
num- 
ber. 

Gage 
height. 

Area  of 
section. 

Mean 

velocity. 

Dis- 
charge. 

1897. 

Feet  per 

Feet. 

Sq.feet. 

tecond. 

Sec-feet. 

May  9 

Spanish  Creek. 

Gallatin  Can- 

75 



47 

3.49 

164 

yon. 

May  26 

Missouri  Kiver. 

Fort  Benton, 

75 

5.6 

5,  046 

5.68 

28,  662 

Montana. 

July  3 

North  Fork  of 

Chinook,  Mon- 

75 

46 

1.55 

72 

Milk  River. 

tana. 

Do . . 

West  Fork  of 

 do  

75 

97 

.95 

93 

Milk  River. 

July  5 

Giant  Springs  . 

Great  Falls, 

75 

66 

3. 90 

256 

Montana. 

Aug.  25 

Smith  Creek ... 

15  miles  SW. 

13 

1. 18 

16 

of  Augusta, 

Montana. 

BIGHORN  VALLEY. 
SHOSHONE  RIVER. 

Hydrographic  work  in  Bighorn  Valley  lias  been  couflned  to  meas- 
urements on  two  tributaries,  Shoshone  River  (or  Stinking  AVater,  as  it 
was  formerly  termed)  and  Grey  Bull  River.  In  1890  two  stations  were 
established  on  Shoshone  River,  one  on  the  South  Fork  at  Marquette 
and  the  other  on  the  main  river  at  Corbett.  l^o  measurements  of  dis- 
charge were  made,  liowever.  A  record  of  gage  heights  for  a  i)eriod  of 
about  a  month  only  at  each  point  was  maintained.  The  gage  rod  at 
Corbett  was  connected  with  the  precise  levels  of  the  topographic  divi- 
sion of  the  Survey,  and  the  zero  was  found  to  be  at  an  elevation  of 
4,653.02  feet  above  sea  level. 

The  North  Fork  of  the  Shoshone  rises  on  the  eastern  edge  of  Yellow- 
stone National  Park  and  flows  in  an  ea.sterly  direction  through  the 
Yellowstone  Park  Timber  Land  Reservation.  Ranches  begin  to  appear 
on  the  river  in  the  vicinity  of  Robie  Creek,  and  from  that  point  occa- 
sionally downstream.  Water  for  irrigation  is  used  not  so  much  from 
the  main  stream  as  from  the  creeks  entering  it — as,  for  example, 
Trout  and  Rattlesnake  creeks,  which  furnish  water  to  several  ranches 
in  their  valleys,  i)rincipa]ly  for  the  irrigation  of  hay. 

Similarly  on  the  South  Fork  a  few  ranchers  irrigate  hay  lands  on 
the  side  creeks.  In  1895  a  canal  called  the  Cody  ditch  was  taken 
from  the  right  bank  of  the  South  Fork  of  Shoshone  River  at  Mar- 
quette. The  idea  was  to  bring  the  canal  in  an  easterly  direction  across 
Sage  Creek  and  irrigate  lands  on  the  east  side  of  the  latter  stream. 
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The  caual  was  constructed  for  about  6  miles  down  to  Cedar  Moun- 
tain, -where  it  encountered  some  bad  land,  or  gypsum  land,  as  it  is 
called  in  that  vicinity.  This  formation  continues  almost  to  Sage 
Creek,  and  on  this  account  the  project  for  continuing  the  canal  was 
abandoned.  This  bad-land  forniation  is  exceedingly  poor  for  caual 
construction,  as  it  causes  great  loss  of  water  and  is  of  such  a  slippery- 
nature  that  canal  banks  will  not  stand  upright.  The  canal  project  was 
modified  to  the  extent  of  continuing  the  canal  after  passing  over  the 
stretch  of  the  bad- land  formation  at  Cedar  Mountain  down  to  Sho- 


Flo.  85. — Map  of  Bigliorn  Baaiii,  Wyoming. 


shone  River  and  crossing  just  above  Corbett.  The  country  north  of 
this  town  and  west  of  the  river  is  susceptible  of  irrigation.  The  only 
irrigated  land  at  present  under  the  canal  is  a  section  of  about  .'},0()0 
acres  lying  in  the  triangle  bounded  by  Cedar  Mountain  on  the  north- 
east, the  South  Fork  of  the  hlioshone  on  the  west,  and  the  canal  on 
the  south.  The  canal  is  not  yet  completed  to  Corbett.  At  the  head  it 
is  40  feet  wide  on  the  bottom.  The  drainage  area  of  the  South  Fork  at 
Marquette  is  500  square  miles;  of  tlie  main  river  at  Corbett,  1,718 
square  miles. 
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During-  the  summer  of  1897  surveys  for  a  large  canal  from  the  main 
river  were  started,  heading  a  short  distance  above  Lovell.  They  were 
made  under  the  law  known  as  the  Carey  Act,  which  allows  canal  com- 
panies to  obtain  control  under  State  supervision  of  a  certain  tract  of 
land.  A  gaging  station  was  established  on  this  river  at  Lovell,  May 
23,  1897.  The  rod  is  fastened  to  the  landing  pier  of  the  Lovell  ferry 
on  the  south  side  of  the  river.  Tlie  station  is  described  in  Water- 
Supply  and  Irrigation  Paper  iso.  15,  j).  70,  which  gives  the  list  of  dis- 
charge measurements,  together  with  the  table  of  daily  gage  heights. 
Following  is,  first,  the  rating  table  for  this  station,  and  next,  the  table 
of  monthly  discharges.  The  station  was  established  during  the  middle 
of  the  flood  season,  so  that  the  total  discharge  for  this  year  can  not  be 
known. 

Mating  table  for  Shoshone  Biver  at  Lovell,  Wyoming,  for  1897. 


Gage 
height. 

Discharge. 

Gage 
heigat. 

Discharge. 

Gage 
,  height. 

Discharge. 

Gage 
heiglit. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

—0.8 

310 

—0.2 

800 

0.8 

3,  060 

2.0 

6,  540 

—0.7 

360 

—0.1 

920 

1.0 

3,  640 

2.2 

7, 120 

—0.6 

430 

0.0 

1,080 

1.2 

4, 220 

2.4 

7,700 

—0.5 

500 

0.2 

1,  450 

1.4 

4, 800 

2.6 

8, 280 

—0.4 

600 

0.4 

1,  900 

1.6 

5,  380 

2.8 

8,860 

—0.3 

700 

0.6 

2,480 

1.8 

5,  690 

3.0 

9, 440 

Estimated  monthly  discharge  of  Shoshone  River  at  Lorell,  Wyoming. 
[Drainage  area  2,720  square  miles.] 


Month. 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Run-oflf. 

Maxi- 
nunu. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second • 
feet  per 
square 
mile. 

1897. 

.June  

9,  440 

3,  640 

6,124 

364, 400 

2.51 

2.  25 

July  

6,  250 

1,  250 

3, 176 

195,  280 

1.35 

1.17 

August  

1,  650 

430 

777 

47,  780 

0. 33 

0. 29 

September  

360 

360 

360 

21,  422 

0. 14 

0.  13 

a  350 

21, 520 

0. 15 

0. 13 

November  

a  350 
a  350 

20,  826 

21,  520 

0. 14 
0. 15 

0. 13 
0. 13 

a  Apiiroximate. 
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a  Ajiiiroxiiiiatf. 

Fig.  86. — Discharge  of  Shoshone  liiver  at  Lovull,  W\  ouiiug,  in  18S7. 
BIGHORN  AND  NO  WOOD  RIVERS. 

A  discharge  measurement  was  made  on  each  of  these  rivers  in  1897, 
by  Messrs.  Elwood  Mead  and- C.  T.  Johnston.  August  21,  No  Wood 
Eiver  at  Morgan's  ranch,  4  miles  above  its  mouth,  was  found  to  be 
discharging  100  second-feet.  This  point  is  near  Warren,  shown  on  the 
sketcli  map,  lig.  85  (p.  291).  On  the  same  date  Bighorn  Kiver  was  carry- 
ing 1,801  second-leet  at  Alamo,  Wyoming. 

GREY  BULL  RIVER. 

This  stream  enters  Bighorn  Kiver  about  30  miles  south  of  the  mouth 
of  Shoshone  River.  The  irrigation  conditions  that  prevail  in  this  basin 
are  similar  to  those  in  the  adjoining  basin  of  the  Shoshone.  A  number 
of  ranchers  are  located  at  the  head  waters  of  the  river,  and  each  one 
takes  out  small  ditches,  principally  from  the  small  tributaries,  to  irri- 
gate his  land.  At  the  mouth  of  Wiggins  Creek  is  the  upper  settle- 
ment. Continuing  downstream  ranches  are  found  on  Rock  Creek, 
Frank  Creek,  iind  a  niodel  stock  ranch  on  Timber  Creek.  I>elow  Mee- 
teetse  the  greater  portion  of  the  irrigable  land  is  on  the  north  side  of 
the  river.  The  altitude  at  Meeteetse  is  given  as  5,925  feet.  At 
Fenton  is  taken  out  a  ditch,  from  the  left  bank,  known  as  the  Mormon 
ditch.  It  is  10  miles  long  and  12  feet  wide  on  the  bottom.  It  irrigates 
considerable  land  between  Fenton  and  Otto,  and  is  controlled  by  a 
Mormon  settlement.  Tiie  irrigation  possibilities  of  this  basin  are 
among  the  best  in  the  State  of  Wyoming,  and  considerably  superior 
to  those  in  the  southern  part  of  tiie  State,  as  the  general  eleva- 
tion of  the  country  is  2,500  feet  lower.    The  great  drawback  at  present 
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is  the  lack  of  railroad  facilities,  which  prevents  the  export  of  any  of 
the  crops,  and,  as  a  result,  the  demand  is  limited  to  home  consumption. 
The  distance  to  the  nearest  railroad  line  is  about  100  miles.  The  proba- 
bilities are  that  one  or  two  railroads  will  be  built  into  the  country 
before  long,  as  a  number  of  surveys  have  been  made  with  this  in  view. 
On  PI.  XXXII,  A  is  shown  the  bridge  at  which  measurements  of  Grey 
Bull  Eiver  are  made,  and  B  gives  a  general  view  of  the  town  of 
Meeteetse. 


Bating  table  for  Grey  Bull  Biter  at  Meeteetse,  Wyoming,  for  1897. 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
heiglit. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet, 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

1.9 

65 

2.7 

170 

3.5 

564 

4.3 

1, 140 

2.0 

75 

2.8 

190 

3.  (> 

636 

4.4 

1,212 

2.1 

85 

2.9 

220 

3.7 

708 

4.5 

1,  284 

2.2 

95 

3.0 

270 

3.8 

780 

4.6 

1,  356 

2.3 

105 

3.1 

320 

3.9 

852 

1  4.7 

1, 428 

2.4 

120 

3.2 

370  • 

4.0 

924 

4.8 

1,  500 

2.5 

135 

3.3 

420 

4.1 

996 

2.6 

150 

3.4 

492 

4.2 

■ 

1, 068 

Estimated  monthly  discharge  of  Grey  Bull  Biver  at  Meeteetse,  Wyoming. 
[Drainage  area,  870  square  miles.] 


Month. 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Kunoff. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1897. 

June  14-30  

1, 500 

320 

943 

31,  795 

0. 68 

1.08 

July  

1,608 

245 

513 

31, 542 

0. 68 

0. 59 

August  

636 

105 

299 

18, 385 

0.  39 

0. 34 

September  

135 

65 

104 

6,189 

0.13 

0. 12 

October  

rtlOO 

6,149 

0. 13 

0.11 

November  

a  100 
a  100 

5,  950 
6, 149 

0. 12 
0. 13 

0.11 
0. 11 

December  

a  Approximate. 
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S«..ft. 
2,  400 

2, 200 
2,000 
1,  800 
1,600 
1.400 
1,200 
1,000 
800 
600 
400 
200 
0 


JAN 

10  20 

FEB 
10  20 

MARCH 

10  20 

APRIL 
10  20 

MAY 

10  20 

JUNE 
10  20 

JULY 
10  20 

AUG. 
10  20 

SEPT. 
10  20 

OCT. 
10  20 

NOV. 
10  20 

DEC. 
10  20 

\ 

i 

1 

'    -  1 

0 

f  c 

Of 

a  Approximate. 

Fig.  87. — JJisfliarge of  Grey  Bull  River  atMeeteetse,  Wyoming,  1897. 
GOOSE  CREEK. 

The  two  stations  on  Big  and  Little  Goose  creeks  in  the  town  of  Sheri- 
dan, Wyoming,  were  continued  during  1897,  and  the  results  are  given 
in  Water- Supply  and  Irrigation  Paper  iTo.  15,  p.  77.  Although  no 
measurements  of  discharge  were  made,  the  rating  tables  constructed 
from  the  measurements  in  1896  are  applicable  to  the  gage-height  record 
for  1897.  These  rating  tables  are  to  be  found  in  the  Eighteenth  An- 
nual lieport,  Part  IV,  pp.  13G-137.  The  conditions  prevailing  in  this 
drainage  basin  are  similar  to  those  of  a  number  of  other  streams  in 
Wyoming.  Peference  is  made  to  the  diversion  of  water  from  the  head 
waters  of  one  stream  into  those  of  another,  to  be  again  diverted  some 
distance  below  for  irrigation  purpo.ses.  In  this  connection  the  follow- 
ing is  quoted  from  the  biennial  l  eport  of  Elwood  Mead,  State  engineer 
of  Wyoming,  for  1895  and  1890,  pp.  108-110: 

The  stations  for  recording  the  flow  of  Big  Goose  Creek  and  Little  Goose  Creek  are 
both  within  the  corporate  limits  of  Sheridan.  The  two  streams  unite  within  the 
limits  of  the  town,  and  as  the  niunifipal  authorities  have  straightened  ?nd  inij)r()\ cd 
the  clianiH'ls  it  is  a  favorable  location  for  .securing  observers  and  for  obtaining 
correct  gaging  results. 

The  station  on  Little  Goo.se  Creok  is  only  a  f(iw  hundred  f<ct  above  wliero  it 
empties  into  Big  (ioose  Creek,  hence  the  record  does  not  .show  the  water  supjdy  of 
the  stream,  but  the  volume  whicli  run.s  to  wa.ste.  The  station  on  Big  Goose  Creek  is 
also  below  all  iiriportant  ditches,  since  beyond  the  town  of  Sheridan  the  valley  is  nar- 
row an<l  but  little  land  can  be  irrigated.  Thc^  recor<l8  of  both  these  stations  give  no 
information  of  the  volume  which  they  supply,  but  only  that  Avhich  runs  to  waste. 
It  would  be  interesting  if  a  record  of  \\w  entire  flow  of  these  streams  could  bo  had, 
sioce  it  would  furnish  some,  interesting  comparisons  and  a  measure  of  the,  volume 
used.  This  is  out  of  the  fjuestion  at  present,  for  reasons  which  are  worthy  of  some 
discussion. 
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For  several  years  there  has  heea  a  recognized  scarcity  of  water  in  Little  Goose 
Creek  for  late  irrigation,  only  the  older  jiriorities  bidng  undisturbed  throughout  the 
season.  The  rule  is  for  tlio  watc'r  commissioner  to  begin  dividing  water  in  June  and 
to  continue  until  September,  which  makes  the  rights  of  late  appropriators  exceed- 
ingly precarious.  Several  measures  have  been  devised  to  relieve  this  shortage. 
Some  of  the  later  approjiriators  have  constructed  ditches  to  divert  water  from  Big 
Goose  Creek.  The  I'cralto,  one  of  the  largest  ditches  in  the  valley  of  Little  Goose 
Creek,  receives  its  entire  supply  from  this  source.  The  taking  of  water  from  one 
stream  to  the  other  is  made  easy  by  the  fact  that  the  head  waters  of  Big  Goose  Creek 
drain  the  summit  of  the  range,  while  the  tributaries  of  Little  Goose  Creek  begin  in 
the  mountains  below.  The  transfer  is  made  far  back  in  the  range,  the  head  gates  of 
the  diverting  ditches  being  10  miles  above  the  ^jlace  where  Big  Goose  Creek  emerges 
from  the  mountains,  and  the  water  enters  Little  Goose  Creek  9  miles  away  from  and 
2,000  feet  above  the  head  of  the  firsi  irrigating  ditch  taking  water  from  that  stream. 

The  transfer  of  water  from  one  stream  to  another  is  a  perplexing  question  under 
any  conditions,  because  of  the  local  jealousies  which  it  creates  and  the  difficulty  of 
measuring  and  dealing  with  the  quantity  involved.  It  is  especially  so  in  this 
instance.  It  requires  nearly  a  week's  journey  from  Sheridan  to  visit  the  Leads  of 
the  three  ditches  turning  water  from  one  stream  to  the  other,  to  measure  their  flow, 
and  to  return.  Frequent  examinations  are  therefore  out  of  the  question.  It  is  almost 
equally  difficult  and  expensive  to  roach  the  point  where  the  water  turned  into  Little 
Goose  Creek  enters  the  stream,  and  the  rocky  and  irregular  channel  over  which  it 
flows  makes  measurements  of  even  approximate  accuracy  out  of  the  question.  It 
•would  be  too  expensive,  therefore,  to  base  the  division  on  actual  measurements,  and 
the  water  commissioner  must,  as  ai  rule,  exercise  his  best  judgment  in  the  disposition 
of  the  water  so  diverted,  with  but  little  assistance  from  the  inadequate  data  which 
he  can  secure  and  with  his  efforts  badly  handicapped  by  opinions  and  desires  of 
irrigators,  which  vary  with  the  interests  and  prejudices  of  those  who  hold  them. 

The  apjyropriators  of  the  normal  supply  naturally  fear  that  the  appropriators  of 
water  turned  into  the  stream  from  other  sources  divert  more  than  they  sui^ply,  and 
this  opinion  becomes  very  active  when  early  users  from  the  stream  are  without  water 
while  adjoining  ditches,  built  at  a  later  date,  have  an  abundance,  simply  because  of 
their  superior  source  of  supply. 

With  the  growing  use  of  water  on  Big  Goose  Creek  and  a  consequent  threatened  need 
to  supply  the  irrigators  in  its  own  drainage  basin  there  has  come  the  opposite  com- 
plaint— that  the  amount  turned  into  Little  Goose  Creek  is  in  excess  of  the  appro- 
priators' rights  on  that  stream  and  that  the  surplus  is  being  utilized  by  those  having 
no  legal  right  thereto.  Only  actual  measurements  of  the  flow  of  both  streams 
above  all  ditches  and  of  the  volume  transferred  ill  determine  the  actual  situation 
and  the  extent  to  which  these  conflicting  opinions  are  founded  on  facts;  but  as  yet 
they  are  not  of  sufficient  practical  importance  to  warrant  establishing  a  station  and 
employing  an  observer  to  make  daily  measurements  of  the  mountain  ditches,  and 
without  this  it  is  impossible  to  determine  the  normal  flow  of  either  stream.  In  fact, 
it  will  be  difficult  to  make  these  measurements  when  they  become  indispensalde,  as 
they  will  in  time.  A  station  located  in  the  canyon  of  Little  Goose  Creek  would  be 
above  ten  of  its  tributaries.  These  would  have  to  be  measured  if  the  total  volume 
of  the  stream  was  to  be  determined,  and  the  diversion  of  these  begins  as  soon  as 
they  leave  the  mountains,  so  that  only  seepage  or  waste  water  reaches  the  main 
stream. 

The  stations  established  at  Sheridan,  while  they  throw  no  light  on  the  question 
as  to  how  accurately  the  commissioner  regulates  the  water  turned  fi  om  one  stream 
to  the  other,  sliow  the  period  of  scarcity  on  Little  Goose  Creek  and  whether  or 
not  the  diversion  of  water  causes  any  loss  to  irrigators  on  the  large  stream.  They 
are  also  of  value  in  connection  with  the  subject  of  storage.  During  the  past  four 
years  surveys  have  been  made  which  show  the  existence  of  a  large  number  of 
morainal  lakes  on  the  head  waters  of  both  these  streams  and  late  appropriators  have 
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already  begun  their  utilization.  Before  making  any  large  outlay  parties  wish  to 
know  the  length  of  the  i)erio(l  in  whit  h  water  runs  to  waste  and  the  volume  of  the 
surplus  which  can  be  thus  impounded,  aud  this  feature  of  the  record  will  be  most 
closely  studied  and  of  most  value. 

Eetimated  monthly  discharge  of  Little  Goose  Creek  at  Sheridan,  Wyominij. 


[Drainage  area,  128  square  miles.] 


Month. 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Run-off. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
incbes. 

Second- 
feet  per 
square 
mile. 

1897. 

May  21-31  

207 

72 

129 

2,  816 

0.  41 

1.01 

June  

111 

8 

44 

2, 618 

0.  38 

0.  34 

July  

16 

8 

9 

553 

0. 08 

0.07 

Estimated  monthly  discharge  of  Big  Goose  Creek  at  Sheridan,  Wyoming. 
[Drainage  area,  320  square  miles.] 


Month. 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Run-off. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1897. 

May  21-31  

595 

179 

349 

7,612 

0.45 

1.09 

June  

307 

64 

132 

7,854 

0. 46 

0. 41 

Jiiy  

75 

17 

37 

2,275 

0. 14 

0. 12 

CLEAR  CREEK. 

The  me.asurements  on  Clear  Creek  are  made  by  Fred  Bond  at  a  point 
about  4  miles  west  of  Buffalo,  Wyoming.  They  are  made  at  a  flume 
built  in  1889  for  the  purpose  of  obtaining  accurate  figures  of  discbarge. 
A  descrii)tion  of  the  station  and  list  of  heights  of  water  observed 
during  1897  are  given  in  Water-Supply  and  Irrigation  Pax)er  No.  15, 
p.  78. 
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Estimated  monthly  discharge  of  Clear  Creek  at  Buffalo,  Wyoming. 
[Drainage  area,  118  square  miles.] 


Mouth. 


1897. 

May  

June  

July  

August  

September  . 

October  

November . . 
December . . 


Discharge  in  second-feet. 


Maxi- 
mum. 


632 
657 
246 
82 


Mini- 
mum. 


209 
189 
55 
39 


^lean. 


345 
280 
112 
54 

rt30 
a  30 
a  30 
a  26 


Total  in  acre- 
feet. 


Run-off. 


Depth  in 
inches. 


Second 
feet  per 
sqitare 
mile. 


21,  214 

3.37 

2. 92 

16,  662 

2. 64 

2.  37 

6,887 

1.09 

0.95 

3, 320 

0.  53 

0. 46 

1,  785 

0. 28 

0. 25 

1,  845 

0.29 

0. 25 

1,  785 

0.28 

0.  25 

1,599 

0.  25 

0. 22 

o  Approximate. 


Fig.  88.— Discharge  of  Clear  Creek  at  BuHalo,  Wyoming,  1897. 


WHITE  RIVER. 

Wliite  River  rises  in  tbe  northwestern  corner  of  the  State  of  Nebraska, 
but  soon  passes  the  State  line  and  enters  South  Dakota,  where  it 
drains  a  strip  of  country  in  the  southern  section  of  the  State  and 
finally  enters  Missouri  Eiver.  A  gaging  vstation  is  located  at  Crawford, 
Nebraska,  where  the  drainage  area  is  only  270  square  miles.  The  gage 
rod  is  i)laced  against  the  stop  gate  in  the  canal  of  the  Crawford  Water 
Power  and  Irrigation  Company,  about  one-eighth  of  a  mile  below  the 
head.  All  of  the  water  of  White  River  is  diverted  into  this  canal  and 
only  an  insignificant  amount  escapes  between  the  head  of  the  canal 
and  the  gage.  On  June  26,  1897,  a  measurement  was  made  on  "White 
River  below  Crawford,  Nebraska,  and  a  discharge  of  13  secoiid-feet 
ascertained.  The  station  is  described  in  Water-Sui)ply  and  Irrigation 
Paper  No.  15,  j).  79. 
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Bating  table  for  HTiite  Birer  at  Crawford,  Nebraska,  for  1897. 


Gage 
height. 

1 

Discharge.  1 

1 

Gage 
heignt. 

Discharge. 

Gage 
1  heignt. 

Discharge. 

Gage 
heignt. 

Discharge. 

Feet. 

Second-feet. ' 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

0.3 

8.3 

0.5 

9.7 

0.7 

12.0 

0.9 

15.4 

0.4 

8.9 

1 

0.6 

10.7 

0.8 

13.6 

Estimated  monthly  discharge  of  White  Biver  at  Crawford,  Nebraska. 
(Drainage  area,  270  square  miles.] 


Month. 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Run-otf. 

Maxi- 
luum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1897. 

July  13-31  

18 

10 

13 

490 

0.05 

0.05 

Augnst  

14 

9 

11 

676 

0.  04 

0.04 

September  

12 

9 

11 

655 

0.  04 

0.04 

October  

16 

12 

14 

861 

0. 05 

0.05 

a  15 

892 

0.07 

0.06 

a  15 

922 

0. 07 

0.06 

a  Approximate. 
NIOBRARA  RIVER. 


This  river  drains  an  area  in  the  northern  part  of  Nebraska  and  a 
small  area  in  South  Dakota.  The  gaging  station  is  located  about  three- 
quarters  of  a  mile  southwesterly  from  Fort  Niobrara  and  about  3  miles 
east  of  Valentine,  Nebraska.  A  sufficient  number  of  discharge  meas- 
urements on  which  to  base  a  rating  curve  were  not  made  at  this  point. 
The  station  is  described  in  Water-Sujjply  and  Irrigation  Paper  No.  15, 
p.  80.   The  area  drained  at  the  i)oint  is  6,'600  square  miles. 
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List  of  miacellaneous  discharge  measurements,  Niohrara  Basin. 


Date. 

Stream. 

Locality. 

Meter. 

Area  of 
section. 

Mean 
velocity. 

Dis- 
charge. 

1897. 

Feet  per 

Sq.feet. 

second. 

Sec. -feet. 

June  22 

Niobrara  River 

Niobrara,  Nebraska. 

382 

1.99 

759 

June  24 

Minnechadusa 

Valentine,  Nebraska 

Price  . 

17 

1.25 

21 

River. 

June  25 

Niobrara  River 

Lavaca  P.  0.,  Ne- 

...do  .. 

46 

2.  25 

105 

braska. 

July  23 

Gordon  Creek . 

Sec.  15,T.32,  R.29.. 

..  -  do  .. 

2 

.  1.68 

4 

Do... 

Snake  River. .. 

Month  southwest  of 

...  do  . . 

84 

3.  33 

280 

Valentine,  Ne- 

braska. 

July  24 

 do  

Kennedy,  Nebraska. 

...do  .. 

1 

1.97 

215 

PLATTE  BASIJ^. 
LARAMIE  RIVER. 

Laramie  Eiver,  a  tributary  of  North  Platte  Eiver,  rises  in  Laramie 
Lake,  in  the  northern  part  of  Colorado,  and  after  flowing  northerly  for 
about  30  miles  crosses  the  State  line  into  Wyoming.  The  valley  along 
this  section  averages  about  a  mile  wide,  and  more  or  less  irrigation  is 
practiced,  principally  on  hay  ranches.  The  highest  point  of  diver- 
sion of  the  waters  is  the  canal  of  the  Water  Supply  and  Storage  Com- 
pany of  Colorado,  called  the  Sky  Line  Canal,  which  takes  water  into 
Cache  la  Poudre  River.  It  is  at  an  elevation  of  about  10,000  feet  and 
is  5  miles  long,  built  principally  through  solid  rock,  at  a  cost  of  about 
$90,000.  A  view  of  it  is  shown  in  PI.  XXXIII.  Its  maximum  capacity 
is  100  second-feet.  On  account  of  its  altitude  this  canal  is  not  practi- 
cally available  until  late  in  June.  The  taking  of  this  water  from  Lara- 
mie River  is  a  source  of  loss  to  irrigators  in  Wyoming,  as  none  of  the 
water  returns  to  the  stream  through  seepage  or  percolation.  A  number 
of  canals  from  Laramie  River  in  Wyoming  have  prior  appropriations 
to  the  Sky  Line  Canal,  but  owing  to  the  present  existing  irrigation  laws 
the  Wyoming  appropriators  appear  to  have  no  redress. 

The  valley  of  Laramie  River,  in  Colorado,  is  at  a  general  elevation 
of  8,000  feet,  and  is  separated  from  the  second  diversion  of  the 
basin — that  of  the  Laramie  Plains — by  a  canyon  8  miles  long.  The 
gaging  station  at  Woods  Landing  is  located  near  the  mouth  of  this 
canyon,  and  the  results  show  the  amount  of  water  available  for  the 
canal  systems  below,  of  which  there  are  quite  a  number.  The  systems 
in  operation,  with  tliose  contemplated,  will  require  more  than  the  avail- 
able supi)ly,  including  the  diversion  by  the  Sky  Line  Canal.  Little 
Laramie  River  is  fully  ai)propriated  by  the  canals  from  it.    Xo  meas- 
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urements  have  been  made  of  the  flood  flow  of  this  tributary  that 
would  give  data  of  the  water  avaihible  for  storage  purposes.  The  gen- 
eral elevation  of  Laramie  Plains  is  7,000  feet.  When  Laramie  River 
bends  eastward  it  enters  another  canyon  and  passes  through  the  Lara- 
mie Hills  to  the  third  plain,  which  extends  from  the  eastern  edge  of 
this  range  to  the  mouth  of  the  river. 


Bating  table  for  Laramie  River  at  Woods  Landing,  Wyoming,  for  1897. 


Gage 
height. 

TV    ,  ' 

Discharge. 

1  Gage 
height. 

Discharge. 

1 

Gage 
height. 

Discharge. 

Gage 
height. 

Discliarge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

0.4 

45 

1.0 

125 

2.2 

940 

3.2 

2, 090 

0.5 

50 

1.2 

200 

2.4 

1, 170 

3.4 

2,  320 

0.6 

60 

1.4 

290 

2.6 

1, 400 

3.6 

2, 550 

0.7 

70 

1.6 

410 

2.8 

1,  630 

3.8 

2, 900 

0.8 

85 

1.8 

550 

3.0 

1,860 

4.0 

3,  300 

0.9 

100 

2.0 

710 

Estimated  monthly  discharge  of  Laramie  River  at  Woods  Landing,  Wyoming. 

[Drainage  area,  435  square  miles.] 


-off. 


Second- 
feet  per 
square 
mile. 


0. 16 
0. 16 
0. 16 
0. 29 
4.  52 
3.60 
0.  61 
0.21 
0. 15 
0. 14 
0. 15 
0. 16 

0.  86 


a  Approximate. 


Month. 


1897. 
January  . . . 
February  . . 

March  

April   

May  


Discharge  in  second-feet. 


Maxi- 
mum. 


July  

August  

September  . 

October  

November . . . 
December . . . 


The  year 


Mini- 
mum. 


350 

48 

3,  425 

443 

2, 700 

550 

475 

125 

183 

70 

70 

60 

Mean. 


a  70 
a  70 
a  70 
128 
1,  964 
1, 564 
266 
93 
65 
a  60 
a  65 
a  70 

374 


Total  in  acre- 
feet. 


4,304 
3,888 
4,304 
7,617 
120,  762 
93,  064 
16,  356 
5,  718 
3,  868 
3, 689 
3.  868 
4,304 

271, 842 


Depth  in 
inclies. 


0. 18 
0. 17 
0. 18 
0. 23 
5.  22 
4.01 
0. 70 
0.24 
0. 17 
0. 16 
0.  17 
0. 18 

11.61 


I 
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Bating  table  for  Laramie  River  at  Uva,  Wyoming,  for  1897. 


Gag© 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

0.5 

5 

1.4 

100 

2.8 

620 

4.2 

1,580 

0.6 

10 

1.6 

140 

3.0 

720 

4.4 

1,  760 

0.7 

15 

1.8 

190 

3.2 

820 

4.6 

1, 940 

0.8 

21 

2.0 

260 

3.4 

920 

4.8 

2, 120 

0.9 

30 

2.2 

340 

3.6 

1, 040 

5.0 

2,  300 

1.0 

40 

2.4 

425 

3.8 

1,220 

5.2 

2,  480 

1.2 

62 

2.6 

520 

4.0 

1,400 

5.4 

2,  660 

Estimated  monthly  discharge  of  Laramie  Hirer  at  Uva,  Wyoming. 
[Drainage  area,  3,179  square  miles.] 


Month. 


1897. 
January  . . . 
February  .. 

March  

April  

May  

June  , 

July  • 

August  

September 
October . . . 
November . 
December  . 


The  year 


Discharge  in  second-feet. 


Maxi- 
mum. 


Mini- 
mum. 


Mean. 


1,760 

120 

2, 570 

670 

2,  480 

120 

120 

21 

520 

15 

21 

8 

a  100 
a  100 
a  150 
712 
1,239 
1,  050 
40 
109 
12 
a  15 
a  15 
a  15 

296 


Total  in  acre- 
feet. 


6, 149 
5,  554 
9,223 
42,  367 
76, 185 
62,  479 
2,  460 
6,702 
714 
922 
893 
922 

214,  570 


Run-oiF. 


Depth  in 
inches. 


0. 036 
0.  032 
0.054 
0.250 
0.  450 
0.368 
0.  015 
0.  039 
0.004 
0. 006 
0.006 
0. 006 

1.266 


Second- 
feet  i)er 
square 
mile. 


0. 031 
0. 031 
0. 047 
0. 224 
0.  390 
0.  330 
0.013 
0.  034 
0. 004 
0.  005 
0.005 
0.005 

0.093 


a  Approximate. 
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Sec.-fU 
3,000 


a  Approximate. 

Fig.  89.— Discharge  of  Laramie  River  at  Woods  Landing  and  TJva,  Wyoming,  1897 

The  second  considerable  diversion  from  the  river,  the  upper  canal 
of  the  system  of  the  Wyoming  Development  Company,  takes  water 
from  Laramie  River  abont  27  miles  southwest  of  Wheatland.  At  this 
point  there  is  a  substantial  stone  dam,  with  head  gates  for  an  open 
ditch  2,000  feet  long.  At  the  end  of  this  open  way  is  the  intake  of  a 
tunnel  3.100  feet  long  and  7  by  8  feet  cross  section,  cut  through  the 
divide  between  Blue  Grass  Creek  and  Laramie  River,  as  shown  in 
PI.  XXXIV,  7>.  From  the  outlet  of  the  tunnel  the  water  empties  into 
a  small  tributary  of  Blue  Grass  Creek:  thence  it  flows  for  13  miles 
down  this  stream  to  its  junction  with  Sybille  Creek.  One  and  one-half 
miles  farther  down  are  the  head  gates  of  canal  No.  1  of  the  AVyomiug 
Development  Company. 

The  accompanying  view  (PI.  XXXIV,  A)  shows  the  dam  and  head 
gates  of  the  canal  on  Laramie  liiver.  PI.  XXXIV,  B,  is  a  view  of  the 
intake  of  the  tunnel,  and  PI.  XXXV,  A,  of  the  outlet  on  Blue  Grass 
Creek.  The  head  gates  of  canal  No.  2,  on  Sybille  Creek,  shown  in 
PI.  XXX  V,  7>',  are  located  about  11  miles  below  the  head  of  canal  No.  1. 
A  third  canal,  taking  water  from  Sybille  Creek  between  the  heads  of 
the  two  earlier  ditches,  has  been  constructed  more  recently.  Canal  No. 
3  is  a  sui)ply  ditch  for  a  reservoir  located  about  6  miles  below  its  head, 
which  was  completed  in  1807.  It  covers  400  acres,  and  has  an  avail- 
able dei)th  of  about  40  feet.  Water  is  taken  from  it  by  means  of  a 
tunnel  in  the  sand,  lined  with  brick  and  terra  cotta.  From  the  end 
of  the  pipe  are  two  branches,  one  leading  to  canal  No.  2,  which  it  will 
supply  at  low  stages  of  Sybille  Creek,  ami  the  other  will  irrigate  land 
not  covered  by  the  system  of  laterals  from  canal  No.  1. 

There  are  two  gaging  stations  on  this  river.    The  one  at  Woods 
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Landing,  above  mentioned,  is  described  in  Water-Supply  and  Irriga- 
tion Paper  Ko.  15,  p.  81,  which  gives  the  list  of  discharge  meas- 
urements made  in  1897,  together  with  the  table  of  gage  heights.  The 
rating  table  on  page  301  has  been  constructed,  based  on  those  meas- 
urements, Xext  is  shown  the  table  of  monthly  discharges.  The 
area  drained  at  this  point  is  435  square  miles. 

The  second  gaging  station  is  at  Uva,  below  the  head  of  all  important 
irrigating  canals,  and  the  results  show  the  amount  of  water  available 


for  storage.  It  is  described  in  Water-Supply  and  Irrigation  Paper 
Ko.  15,  p.  182.  North  Laramie  Eiver  enters  the  main  stream  a  short 
distance  above  the  point  of  measurement.  Considerable  irrigation  on 
a  small  scale  is  practiced  in  its  basin. 

NORTH  PLATTE  RIVER. 

Korth  Platte  River  has  its  source  in  the  high  mountains  in  northern 
Colorado,  which  rise  to  elevations  of  10,000  to  1L*,000  feet.  Numer- 
ous tributaries  descend  into  the  valley,  and,  uniting,  flow  northerly  as 
the  North  Platte  across  the  State  line  into  Wyoming.  This  basin  is 
known  as  the  North  Park,  and  the  general  elevation  of  the  lower  lands 
is  about  8,000  feet.  Irrigation  is  i)racticed  to  a  considerable  extent 
from  small  ditches,  aggregating  150  in  number,  according  to  the  report 
of  the  State  engineer  of  Colorado.  They  are  used  almost  entirely, 
however,  in  flooding  native  grass  lands  for  forage  purposes.    A  little 
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tiuiotby  is  raised,  and  also  some  oats.  The  elevation  is  too  high  and 
the  climate  too  severe  for  general  agricultural  operations.  The  total 
area  in  Colorado  drained  by  the  river  is  1,090  square  miles.  At  the 
northern  end  the  ]\IedicineBow  Eauge  closes  in  from  the  east  and  Park 
Eaiige  from  the  west,  through  which  the  river  finds  its  way  in  a  nar- 
row canyon  into  Wyoming,  entering  what  is  known  as  the  Upper 
Platte  Valley  and  thence  extending  from  the  State  line  down  to  the 
Union  Pacific  liailroad  at  Fort  Steele.  This  valley  is  about  40  miles  in 
length,  averaging  4  miles  wide  on  the  east  and  from  1  to  2  miles  on  the 
west.  The  main  river  receives  a  number  of  tributaries  from  the  Sierra 
Madre  ^Mountains,  on  the  west,  and  from  the  Snowy  Range,  on  the 
east.  Xumerous  ditches  take  water  from  these  tributaries  to  irrigate 
small  ranches  along  their  valleys.  The  average  elevation  of  this  lower 
valley  is  somewhat  under  7,000  feet,  the  elevation  at  Fort  Steele  being 
6,516  I'eet.  The  river  continues  northward  through  Carbon  County, 
receiving  from  the  west  Sweetwater  River,  along  the  tributaries  of 
which  considerable  irrigation  is  practiced.  PI.  XXXVI  contains  two 
views  of  i^orth  Platte  River  in  Wyoming. 

The  upper  gaging  station  on  the  North  Platte  is  located  at  Orin 
Junction,  at  which  point  the  area  drained  is  14,828  square  miles.  A 
description  of  the  field  work  done  at  this  station  in  1897  will  be  found 
in  Water-Supply  and  Irrigation  Paper  No.  15,  p.  83.  The  flow  as  here 
determined,  combined  with  the  discharge  at  the  Uva  station,  on  the 
Laramie  River,  shows  the  amount  of  water  passing  out  of  the  State. 
An  irrigation  enterprise  of  considerable  importance  was  planned  a  year 
or  so  ago,  taking  water  from  the  North  Platte  River  at  Fairbanks  to 
irrigate  lands  in  what  is  known  as  Goshen  Hole,  a  depression  in  the 
general  country  south  of  the  main  river.  Its  average  elevation  is  4,300 
feet,  the  lowest  considerable  area  in  the  southeastern  portion  of  the 
State. 

Mitchell  canal  heads  on  the  south  side  of  Nortli  Platte  River,  about 
2J  miles  west  of  the  Nebraska  and  Wyoming  State  line.  It  is  about 
22  miles  long  and  irrigates  land  principally  in  what  is  known  as  Mitchell 
Bottom,  northwest  of  Gering.  This  opening  is  about  6  miles  long  and 
2|  miles  wide.  The  canal  ends  at  the  bad  lands  surrounding  Scotts 
Bluff.  On  the  north  side  of  the  river,  a  little  above  Gering,  there 
should  be  mentioned  in  their  order  downstream  the  following  canals: 
Farmers  canal,  11  miles  long,  heading  just  west  of  the  State  boundary 
line;  Enterprise  canal,  heading  about  2.^  miles  below  the  mouth  of 
Horse  Creek  and  about  20  miles  long;  and  Winter  canal,  heading  about 
4  miles  above  the  Gering  bridge,  at  which  the  first  gaging  station  in 
Nebraska  is  located.  This  station  was  established  May  29, 1807.  Owing 
to  the  iiiterru]>tioti  of  the  gage-height  rectord  in  June,  discharges  can 
be  estimated  only  froni  July  1.  The  work  done  at  this  station  in  1897 
is  described  in  Water-Supply  and  Irrigation  Paper  No.  15,  p.  84. 

The  next  gaging  station  below  is  at  Camp  Clarke.  A  number  of 
19  GEOL,  PT  4  20 
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large  canals  take  out  water  on  both  sides  of  the  river  between  the  two 
j)oints.  From  the  south  side  of  the  river  these  are  as  follows:  Castle 
liock  ditch,  13  miles  long,  heading  4  miles  east  of  Gering;  Chimney 
Eock  canal,  10  miles  long,  heading  at  the  crossing  of  the  boundary 
line  between  Cheyenne  and  Scotts  Bluff  counties,  and  Belmont  canal, 
20  miles  long,  heading  about  3  miles  above  Camp  Clarke.  The  canals 
from  the  north  side  of  the  river  are:  Minatare  ditch,  Bayard  canal, 
a  small  ditch  heading  near  Long  Island,  and  the  Alliance  canal, 
respectively  G,  13,  3,  and  8  miles  in  length.  Browns  Creek  canal  is  on 
the  north  side  of  the  river  and  heads  about  4^  miles  below  Camj)  Clarke. 
The  field  work  done  in  1897  at  the  Camp  Clarke  gaging  station  is 
described  in  Water-Supply  and  Irrigation  Paper  ^To.  15,  p.  85. 

The  plateau  country  south  of  Camp  Clarke,  between  North  Platte 
River  and  the  Union  Pacific  Railroad,  is  on  an  average  about  000 
feet  above  the  river.  Proceeding  eastward  this  dift'erence  of  elevation 
decreases  slowly  for  about  30  or  40  miles,  and  then  more  and  more 
rapidly.  The  section  in  Deuel  and  Cheyenne  counties  has  a  large 
number  of  deep  wells  located  at  ranches,  varying  from  250  to  350  feet 
in  depth.  The  water  is  raised  by  means  of  windmills  and  used  wholly 
for  stock  and  domestic  purposes.  The  principal  industry  is  stock  rais- 
ing, the  ranchers  having  from  50  to  300  head  of  stock  each. 

The  next  station  is  at  North  Platte,  where  a  number  of  discharge 
measurements  were  made  in  1897  and  published  in  Water-Supply  and 
Irrigation  Paper  No.  15,  i),  86.  The  bed  of  the  river  is  here  sandy 
and  liable  to  change  at  flood  stages  so  that  a  number  of  rating  curves 
were  made  for  difierent  parts  of  the  year. 


Bating  table  for  Xo7-th  Platte  River  at  Orin  Junction,  Wyoming,  for  1897. 


Gage 
heigrit. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feel. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

0.0 

300 

1.2 

850 

3.4 

3, 200 

5.6 

11,640 

0.1 

335 

1.4 

950 

3.6 

3,  600 

5.8 

12.  580 

0.2 

370 

1.6 

1,050 

3.8 

4,050 

6.0 

13, 520 

0.3 

410 

1.8 

1, 150 

4.0 

4,500 

6.2 

14,  460 

0.4 

450 

2.0 

1,  300 

4.2 

5,200 

6.4 

15, 400 

0.5 

500 

2.2 

1,  450 

4.4 

6,000 

6.6 

16,  340 

0.6 

550 

2.4 

1,  650 

4.6 

6,940 

6.8 

17, 280 

0.7 

600 

2.6 

1,900 

4.8 

7,880 

7.0 

18,  220 

0.8 

650 

2.8 

2, 150 

5.0 

8,820 

0.9 

700 

3.0 

2,450 

5.2 

9,  760 

1.0 

750 

3.2 

2,  800 

5.4 

10.  700 
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NORTH  PLATTE  RIVER  IN  WYOMING. 

A.  35  miles  southwest  of  Casper;  B,  10)  miles  above  mouth  of  Horseshoe  Creek. 
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Estimated  monthly  discharge  of  Xorth  Flatte  liirei-  at  Oriii  Junction,  Wyoming. 

[Drainage  area,  14,828  square  miles.] 


Month. 


1897. 
January  . . 


Discbarge  in  second-feet. 


Maxi- 
mum. 


Mini- 
mum. 


Mean. 


a  1, 100 

February  j  «  1,  350 

March   a  1,500 

5,  037 
13,  962 
8, 994 
1,  828 
1,  014 
572 
a  500 

November   ...     a  .550 


September 
October .. . 


13,  050 

1,  413 

19, 160 

9, 525 

18,  220 

3,  400 

3,  200 

950 

1, 900 

650 

650 

500 

December  

The  year 


o550 
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Total  in  acre- 
feet. 

Run-off. 

Depth  in 
inches. 

Second, 
feet  per 
square 
mile. 

67,  637 

0  07 

fl  07 
v.  \j  1 

74,  975 

0.09 

0.09 

92,  232 

0. 12 

0. 10 

299, 722 

0.38 

0.  34 

858, 495 

1.08 

0. 94 

535, 180 

0.68 

0.  61 

112, 400 

0. 14 

0. 12 

62, 349 

0.08 

0. 07 

34, 036 

0.  04 

0.04 

30,  744 

0.03 

0.03 

32,  727 

0. 04 

0.04 

33,  818 

0.04 

0.  04 

2, 234,  315 

2. 79 

0.21 

aApproximate. 


a  Approximate. 

iTlci.  91.— Discharge  of  North  Platte  Eiver  at  Orin  Junction,  "Wyoming,  1897. 


I 


308  PROGRESS  OF  STREAM  MEASUREMENTS  FOR  1897. 


Bating  table  for  North  Platte  River  at  Gering,  Nebraska,  for  1897. 


Gage 
heignt. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second  feet. 

Feet. 

Second-feet. 

0.8 

455 

1.5 

2,  340 

2.2 

7, 887 

2.9 

17,  093 

0.9 

500 

1.6 

2,909 

2.3 

8,  978 

3.0 

18,  707 

1.0 

620 

1.7 

3,  5.52 

2.4 

10, 144 

3.1 

20,  396 

1.1 

815 

1.8 

4,269 

2.5 

11,  384 

3.2 

22, 159 

1.2 

1,084 

1.9 

5,  062 

2.6 

12,  699 

3.3 

23,  997 

1.3 

1,  428 

2.0 

5,  929 

2.7 

14,  089 

3.4 

25,  910 

1.4 

1,847 

2.1 

6,  870 

2.8 

15,  554 

3.5 

27,898  • 

Estimated  monthly  discharge  of  North  Platte  River  at  Gering,  Nebraska. 


[Drainage  area,  24,340  square  miles.] 


Month. 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Run-off. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1897. 

July  

4, 269 

1,  084 

2,  140 

131, 584 

0. 10 

0.  09 

August  

2,  340 

500 

1,  071 

65, 854 

0.04 

0.04 

September  

815 

455 

537 

31,  954 

0.02 

0.02 

October  

620 

455 

514 

31,  605 

0.02 

0.02 

a  520 

30,  942 

0. 02 

0.02 

December  

a  520 

31, 974 

0.02 

0  02 

a  Approximate. 


Rating  table  for  North  Platte  River  at  Camp  Clarke,  Nebraska,  for  1897. 


Gage 
heignt. 

Discharge. 

Gage 
heignt. 

Discharge. 

Gage 
heignt. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

2.0 

350 

2.8 

2,042 

3.6 

5,380 

4.4 

8,820 

2.  1 

450 

2.9 

2,404 

3.7 

5,810 

4.5 

9,250 

2.2 

580 

3.0 

2, 800 

3.8 

6,240 

4.6 

9,680 

2.3 

740 

3.1 

3,  230 

3.9 

6,  670 

4.7 

10, 110 

2.4 

930 

3.2 

3,  660 

4.0 

7,100 

4.8 

10, 540 

2.5 

1, 160 

3.3 

4,090 

4.1 

7, 530 

2.,6 

1, 420 

3.4 

4,  520 

4.2 

7,960 

2.7 

1,  714 

3.5 

4,  950 

4.3 

8,390 
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Estimated  monthly  discharge  of  North  Platte  River  at  Camp  Clarke,  Nebraska. 

[Drainage  area,  24,830  square  miles.] 


ironth. 


1897. 

January   

February   2,404 

March  

April  

May  

June  

Jtily  

August  

September  

October  

November  

December  


The  year . 


Discharge  in  second-feet. 

Run-oft". 

^iaxi- 
mnni. 

Mini- 
mum. 

Hean. 

Total  in  acre- 
feet* 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

2,  404 

2,  042 



2,287 

liV,  o^6 

0.106 

0.092 

2,404 

1,  567 

2,  253 

12o,  12o 

0.095 

0. 091 

2,  223 

450 

1, 299 

79,  873 

0.060 

0.052 

8,390 

1, 567 

3, 649 

217, 130 

0. 164 

0. 147 

10,  540 

6,885 

8, 688 

534, 208 

0. 400 

0.350 

11,  400 

4, 520 

7,491 

440,  389 

0. 332 

0.298 

4,  305 

930 

2,147 

132,  015 

0. 099 

0.086 

2,042 

580 

1,  066 

65,  546 

0. 049 

0.043 

580 

400 

492 

29,  276 

0.022 

0.020 

580 

350 

484 

29,  760 

0.022 

0.  019 

«500 

29,  752 

30,  744 

0.  022 
0. 023 

0. 020 
0.020 

a  500 

2,564 

1,  854,  441 

1.394 

0. 103 

a  Approximate. 


S«-.-ft. 
12,000 


a  A ppro.xiiiiatc. 

Fig.  92.— Discharge  ol  JSorth  Platte  Kiver  at  Camp  Clarke,  Nebraska,  1897. 
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Estimated  monthly  discharge  of  North  Platte  Biver  at  North  Platte,  Nebraska. 
[Drainage  area,  28,517  square  miles.] 


Discharge  in  second-feet. 

Kun-oflf. 

Month. 

Total  in 

acre- 

Seconfl- 

lUUlll. 

III 

ini- 
nil . 

feet 

Depth  in 
inches. 

feet  per 
square 

mile. 

1897. 

January   

8,  650 

4, 

876 

6,  932 

426, 

296 

0.280 

0. 243 

February   

9, 489 

2 

471 

6,  663 

370, 

044 

0. 236 

0. 233 

March  

9,  489 

1, 

774 

3,921 

241, 

094 

0. 158 

0. 138 

April  

13, 486 

2, 

471 

5,110 

304, 

125 

0. 200 

0. 179 

May  

21,  527 

7, 

812 

13,  981 

859, 

664 

0. 56o 

0. 490 

,Tuue  

23,  720 

6, 

518 

13, 920- 

828, 

296 

0.545 

0.488 

July  

6, 197 

1, 

090 

3,  688 

226, 

768 

0. 149 

0. 129 

August  

4,  754 

743 

2,  876 

176, 

839 

0. 116 

0. 101 

September  

850 

422 

609 

36, 

238 

0.024 

0. 021 

3,  878 

486 

1, 132 

69, 

604 

0.046 

0.040 

November  

4, 112 

743 

2,152 

128, 

053 

0.084 

0.  075 

6,037 

3, 

174 

5,116 

314, 

634 

0.207 

0. 180 

The  year  

23,  720 

422 

5,509 

3,  981, 

655 

2. 610 

0. 193 

Sec.-ft. 
24,  OOU 


I'lQ.  93.— Diechargo  oi"  Korth  I'iatte  liiver  at  North  Tlatto,  Kebraaka,  1897. 
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SOUTH  PLATTE  RIVER. 

South  Platte  Eiver  rises  in  the  Rocky  ]\Iountains  southwest  of  Den- 
ver. The  mountainous  area  is  similar  to  the  basin  drained  by  the 
North  Platte  in  Colorado.  Mountain  peaks  rise  to  elevations  of  13,000 
feet  above  the  sea,  and  the  average  elevation  of  the  valley  is  8,000  feet. 
The  basin  is  known  as  the  South  Park.  There  is  considerable  irriga- 
tion in  the  district  and  a  large  number  of  canals  have  been  taken  from 
the  tributaries,  which  often  produce  a  shortage  in  the  summer  months. 
On  account  of  the  high  altitude  none  but  the  hardier  crops  can  be 
raised,  of  which  the  principal  is  native  hay  for  forage  purposes. 

Several  important  tributaries  of  South  Platte,  from  which  irrigation 
is  extensively  practiced,  come  from  the  eastern  slope  of  tlie  mountain 
range  which  the  main  river  skirts.  Gaging  stations  were  maintained 
on  a  number  of  these,  in  order  downstream  as  follows:  Bear  Creek, 
South  Boulder  Creek,  Boulder  Creek,  St.  Vrain  Creek,  and  Big  Thomp- 
son Creek.  Measurements  of  the  Cache  la  Poudre  are  maintained  by 
the  State  Agricultural  College,  and  the  record  will  be  found  in  the 
reports  of  that  institution. 

The  upper  gaging  station  on  South  Platte  Eiver  is  located  at  Deans- 
bury  at  the  mouth  of  the  canyon.  Below  this  point  a  number  of  large 
canals  are  taken  out  which  are  among  the  most  successful  in  the 
country. 

The  second  gaging  station  is  at  Denver.  Thence  the  river  flows  in  a 
general  northeasterly  direction,  gradually  re<;eding  from  the  mountain 
range  until  it  receives  its  principal  tributary,  the  Cache  la  Poudre, 
when  it  turns  abruptly  eastward  and  continues  through  the  arid  sec- 
tion of  northeastern  Colorado.  The  lowest  station  in  this  State  is  at 
Orchard.  Continuing  eastward,  the  water  sui)ply  gradually  diminishes 
until  in  tlie  summer  the  river  for  long  stretches  is  practically  dry. 

In  1897  the  condition  of  the  river  at  North  Platte,  Nebraska,  where 
it  joins  with  North  Platte  River,  was  as  follows:  During  the  months  of 
January  and  February  there  were  several  small  channels  running,  but 
their  combined  discharge  was  very  small,  and  they  ceased  to  flow  in 
the  spring.  June  3  the  river  commenced  to  flow  and  the  discharge 
increased  gradually  until  June  21,  when  the  river  was  cariying  4,427 
second-feet;  it  then  decreased  until  July  2,  when  it  ceased  to  flow. 
August  0  water  appeared  in  the  river  again,  increasing  until  August 
13,  when  the  discharge  was  2,880  second-feet;  it  then  declined  grad- 
ually until  September  1,  when  there  was  no  flow;  the  river  was  entirely 
dry  through  September,  October,  and  November;  in  December  there 
was  a  small  flow  through  various  channels.  The  mean  discharge  for 
the  27  days  in  June  was  2,110  second- feet,  and  for  the  22  days  in  August, 
l,oO/)  second-feet.  From  these  ligures  the  total  discharge  of  the  river 
in  1897  was  178,072  acre-feet. 


312  PROGRESS  OF  STREAM  MEASUREMENTS  FOR  1897. 


Bating  table  for  South  Platte  liiver  at  Deannbury,  Colorado,  for  1897. 


Gaee  beieht. 

Discharge. 

Gaee  heicht. 

t 

Discharge. 

Jan.  1  to 
Apr.  7. 

Apr.  8  to 
June  30. 

.Ian.  1  to 
Apr.  7. 

Apr.  8  to 

June  30. 

Feet. 

Second-feet. 

Second- feet. 

Second-feet. 

* 

Second-feet. 

0.7 

118 

3.0 

95 

650 

0.8 

132 

3.2 

112 

730 

0.9 

146 

3.4 

138 

810 

1.0 

161 

3.6 

164 

890 

1.2 

190 

3.8 

190 

970- 

1.4 

221 

4.0 

217 

1,050 

1.6 

254 

4.2 

244 

1, 130 

1.8 

291 

4.4 

270 

1,210 

2.0 

55 

330 

4.6 

1, 290 

2. 2 

63 

370 

4.8 

1,  370 

2.4 

71 

420 

5.0 

1,  450 

2.6 

79 

490 

5.2 

1,  530 

2.8 

87 

570 

5.4 

1,  610 

Estimated  monthly  discharge  of  South  Platte  River  at  IJeansbury,  Colorado. 
[Drainage  area,  2,600  square  miles.] 


Month. 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Run-off. 

Maxi- 
mum, 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1897. 

January  

97 

67 

81 

4,  981 

0.03 

0.03 

Febniarv  

164 

71 

80 

4,  443 

0. 03 

0.03 

March  

217 

73 

101 

6,  210 

0.04 

0.  04 

Ai)ril  

630 

190 

370 

22, 016 

0. 16 

0. 14 

Mav  

1,  530 

610 

984 

60, 504 

0. 44 

0.  38 

June  

1,  550 

770 

1,046 

62,  241 

0.45 

0. 40 
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FlQ.  94. — Discbarge  of  South  Platte  Kiver  at  Deausbury,  Colorado,  1897. 


Rating  table  for  South  Platte  River  at  Denver,  Colorado,  for  1897.  (a) 


Gage  height. 


Feet. 


4.2 
4.4 
4.6 
4.8 
5.0 
5.2 
5.4 
5. 6 
5.8 
6.0 
6.2 


Discharge. 


Jan.  1  to 
Sept.  30. 


Secmid-feet. 
50 
70 
90 
110 
160 
290 
430 
'  570 
710 
850 
990 


Oct.  1  to 
Dec.  31. 


Second-feet. 


110 
130 
175 
240 
330 
470 
610 
750 


Gage  height. 


Feet. 
6.4 
6.6 
6.8 
7.0 
7.2 
7.4 
7.6 
7.8 
8.0 
8.2 


Discharge. 


Jan.  1  to 
Sept.  30. 


Second-feet. 
1,  130 
1, 270 
1,410 
1,  550 
1, 690 
1,  830 

1,  970 
2,110 
2, 250 

2,  390 


Oct.  1  to 
Dec.  31. 


Second-feet. 


a  The  food  of  August  4  caused  the  principal  changes  in  this  rating  table. 
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Ustimated  monthly  discharge  of  South  Platte  Eiver  at  Denver,  Colorado. 


[Drainage  area,  3,840  square  miles.] 


Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Eun-off. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  jier 
square 
mile. 

1897. 

ou 

or; 

5,  841 

u.  ujy 

u.  Uzo 

February   

105 

55 

83 

4,  610 

0. 023 

0.022 

March  

430 

85 

179 

11,  006 

0.054 

0.  047 

April  

8.-.0 

220 

470 

27,  967 

0. 136 

0. 122 

May  

1,410 

430 

735 

45, 194 

0. 220 

0.191 

June  

1.445 

535 

1,026 

61, 051 

0.297 

0. 267 

July  

1,  200 

85 

392 

24, 103 

0. 118 

0. 102 

August  

2,  425 

118 

687 

42, 242 

0.  206 

0. 179 

September  

605 

100 

270 

16,  066 

0. 078 

0. 070 

October  

575 

175 

267 

16,  417 

0. 081 

0.  070 

November  

680 

110 

406 

24, 159 

0.118 

0.106 

December  

305 

150 

217 

13,  343 

0. 066 

0.057 

The  year  

2, 425 

55 

402 

291,  996 

1. 426 

0. 105 

Sec.-ft. 

1,200 


1, 100 
1,000 


Fig.  95.— Discharge  of  South  Tlatte  Kiver  at  Denver,  Colorado,  1897. 
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Bating  table  for  South  Platte  River  at  Orchard,  Colorado,  for  1897. 


Discbarge. 

Gage 

Jan.  1  to 
June  19. 

June  20  to 
July  20. 

July  21  to 
Dec.  ,31. 

Feet. 

Second-feet. 

Second-feet. 

Second-feet. 

2.3 

39 

39 

2.4 

61 

61 

2.5 

81 

86 

86 

2.6 

89 

113 

109 

2.7 

97 

146 

135 

2.8 

105 

185 

160 

2.9 

115 

238 

188 

3.0 

124 

330 

217 

3.2 

146 

504 

282 

3.4 

170 

708 

369 

3.6 

200 

912 

523 

3.8 

238 

1, 116 

715 

4.0 

294 

1,320 

907 

4.2 

489 

1,524 

1,  099 

4.4 

847 

1,  728 

1,  294 

4.6 

1,205 

1,930 

1,  490 

4.8 

1,  563 

2,130 

1,  686 

5.0 

1,921 

2,330 

1,882 

5.5 

2,820 

2,830 

2,  372 

6.0 

3,  720 

3,330 

2,862 

6.5 

4,  620 
5, 160 

6.8 

Estimated  monthly  discharge  of  South  Platte  River  at  Orchard,  Colorado. 
[Drainage  area,  12,260  square  miles.] 


Month. 

Discharge  in  second-feet. 

Total  in  acre-' 

feet. 

Run  otl'. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inchea. 

Second- 
feet  per 
square 
mile. 

1895. 

November  22-30  

925 

790 

870 

15,  .530 

0.024 

0.071 

December  

925 

610 

759 

46, 669 

0. 071 

0. 062 

1896. 

.January  

880 

610 

775 

47,  652 

0.072 

0.063 

February  16-29  

700 

520 

610 

16,  940 

0. 026 

0.050 

March  

700 

520 

581 

35,  724 

0.  054 

0. 047 

December  

2,280 

228 

789 

48, 513 

0. 074 

0. 064 

I 
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Estimated  monthly  discharge  of  South  Platte  River  at  Orchard,  Colorado — Continued. 

[Drainage  area,  12,260  square  miles.] 


Discharge  in  second-feet. 

Run-off. 

Total  in  acre- 

Second- 

Maxi- 

Mini- 

Mean. 

feet. 

Depth  in 

feet  per 

mum. 

mum. 

inches. 

square 

mile. 

1897. 

January  

1  lift 

998 

38,  799 

U.  UQJ. 

February   

1, 116 

228 

557 

30, 933 

0.047 

0.045 

March  

262 

218 

231 

14,  204 

0. 013 

0.  019 

April  

847 

250 

529 

31,  478 

0.048 

0.043 

May  

3,  720 

81 

898 

55,  216 

0. 084 

0.  073 

5, 160 

555 

2,  637 

156,  912 

0.  240 

0.215 

July  

1, 320 

39 

347 

21,  736 

0. 032 

0. 028 

August  

2,  274 

147 

803 

49,  374 

0.  075 

0.065 

September  

147 

61 

92 

5, 474 

0.009 

0.008  > 

October   

1,  294 

86 

303 

18,  631 

0.029 

0.  025 

November  

1,  392 

715 

1, 109 

65,  990 

0. 100 

0.090 

December  

1,931 

475 

1,232 

75,  753 

0.115 

0. 100 

Tbe  year  

5,160 

39 

779 

564, 500 

0. 851 

0. 064 

JAN. 
10  20 

FEB. 
10  20 

MARCH 
10  20 

APRIL 
10  20 

MAY 

10  20 

JUNE 
10  20 

JULY 
10  20 

AUG. 
10  20 

SEPT. 
10  20 

OCT. 
10  20 

NOV. 
10  20 

DEC. 
10  20 

1 

1 

1 

i 

J 

1 

■HI 

imiii 

u 

1 

f 

I 

IIIIIIF 

Sec.-ft. 

6, 000 
5,500 
5,  000 
4,500 
4,000 
3,500 
3,000 
2, 500 
2, 000 
1,500 
1,000 
500 
0 


I^IQ.  96. — Dischargo  of  South  I'latto  liiver  at  Orchard,  Colorado,  1897. 
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Hating  table  for  Bear  Creek  at  Morrinun,  Colorado,  for  1897. 


Gage 
height. 

- 

Discharge. 

! 

Gage 
height. 

Discharge. 

Gage 
1  height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second  feel. 

2.5 

7 

3.2 

83 

3.9 

288 

4.6 

561 

2.6 

12 

3.3 

102 

4.0 

327 

4.7 

600 

2.7 

18 

3.4 

124 

4.1 

366 

4.8 

639 

2.8 

27 

3.5 

149 

4.2 

405 

4.9 

678 

2.9 

37 

3.6 

179 

4.3 

444 

5.0 

717 

3.0 

49 

3.7 

212 

4.4 

483 

3.1 

65 

1 

3.8 

250 

4.5 

522 

Estimated  vionthly  discharge  of  Bear  Creek  at  Morrison,  Colorado. 
[Drainage  area,  170  sqaare  miles.] 


Month. 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Run-oif. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1897. 

Mav  

250 

92 

152 

9,346 

1.02 

0.  89 

June  

327 

124 

175 

10, 413 

1.15 

1.03 

July  

307 

74 

115 

7,071 

0.  78 

0.  68 

August  

737 

83 

199 

12, 236 

1.35 

1.17 

September  

113 

49 

67 

3,987 

0.  44 

0.  39 

October  

74 

,  49 

55 

3,382 

0.  37 

0.  32 

November  

49 

5 

34 

2,023 

0. 22 

0.  20 

December  

a  20 

1,230 

0. 14 

0. 12 

1 

a  Approximate. 


JAN 

10  20 

f  E  B 

10  20 

M  ARCH 

10  20 

APRIL 
10  20 

MAY 

10  20 

JUNE 
10  20 

JULY 
10  20 

AUG 
10  20 

■5EPT 
10  20 

OCT 
10  20 

NOV 
10  20 

DEC 
10  20 

ill 

\i 

1 

1 

1 

1 

w 

'i 

illllllllllll 

/ 

/c 

E£ 

?o 

1  ^"^Wi^KI 

Set.-fl. 
1,200 

1,  100 

1,  000 

900 

800 

700 

600 

500 

400 

300 

20C 

w 

0 


a  A)>]iro\iiiiat<'. 
i'lo.  97. — Discharge  of  Bear  Creek  at  Morrison,  Colorailo,  1897. 
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Sating  table  for  South  Boulder  Creek  at  Marshall,  Colorado,  for  1897. 


Gage 
height. 

Discharge. 

Gage 
heignt. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
heignt. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second  feet. 

0.8 

14 

1.5 

99 

2.2 

277 

2.9 

461 

0.9 

22 

1.6 

120 

2.3 

303 

3.0 

488 

1.0 

31 

1.7 

146 

2.4 

329 

3.1 

514 

1.1 

41 

1..8 

172 

2.5 

355 

3.2 

540 

1.2 

52 

1.9 

198 

2.6 

381 

3.3 

567 

1.3 

65 

2.0 

224 

2.7 

408 

3.4 

594 

1.4 

80 

2.1 

250 

2.8 

435 

Estimated  monthly  discharge  of  South  Boulder  Creek  at  Marshall,  Colorado. 
[Drainage  area,  125  square  miles.] 


Month. 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Run-oflF. 

Maxi- 
mnm. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1897. 

May  

554 

120 

305 

18,  754 

2.82 

2.44 

June   

594 

303 

401 

23,  861 

3. 58 

3.  21 

Julv  

435 

120 

235 

14,  450 

2. 17 

1.88 

August  

290 

65 

129 

7, 932 

1. 19 

1.03 

September  

65 

22 

43 

2,559 

0.  38 

0. 34 

October  

65 

18 

39 

2,  398 

0.  36 

0. 31 

November   

52 

18 

35 

2, 083 

0.  31 

0.  28 

December  

a  30 

1,  845 

0. 28 

0. 24 

a  Approximate. 


JAN 

10  20 


FEB 

10  10 


MARCH 

10  20 


APR  I  I 

10  20 


MAV 

10  20 


J  U  N  t 
10  20 


JULY 
10  20 


AUG 
10  20 


£  E  PT 
10  20 


OCT 
10  20 


NOV 

10  20 


DEC 
10  20 


Sec.-ft. 
1,200 

1,100 

1,000 
900 
800 
700 
'  600 
500 
400 
300 
200 
100 
0 


COM 


a  Approximate. 

Fig.  98. — Discharge  of  South  Boulder  Creek  at  Marshall,  Colorado,  1897. 
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Sating  table  for  Boulder  Creek  at  Boulder,  Colorado,  for  1897. 


Gage 

Discharge. 

Gage 
height. 

Discharge. 

j  Gage 

Discharge. 

Gage 
height. 

Discharge. 

,  Feet. 

Second-feet. 

Feet. 

Second-feet. 

1 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

0.3 

25 

1.2 

145 

2.1 

370 

2.9 

570 

0.4 

30 

1.3 

170 

2.2 

395 

3.0 

595 

0.5 

38 

1.4 

195 

2.3 

420 

3.1 

620 

0.6 

48 

1.5 

220 

2.4 

445 

3.2 

645 

0.7 

58 

1.6 

245 

2.5 

470 

3.3 

670 

0.8 

70 

1.7 

270 

2.6 

495 

3.4 

695 

0.9 

84 

1.8 

295 

2.7 

520 

3.5 

720 

1.0 

100 

1.9 

320 

2.8 

545 

3.6 

745 

1.1 

120 

2.0 

345 

Estimated  monthly  diBcharge  of  Boulder  Creek  at  Boulder,  Colorado., 
[Drainage  area,  102  square  miles. 1 


Month. 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Run-ofi'. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
sq  uare 
mile. 

1897. 

May  

495 

182 

323 

19,  861 

3.  66 

3.17 

June  

745 

320 

458 

27,  253 

5.  01 

4.49 

July  

557 

232 

339 

20,  844 

3. 83 

3.  32 

August  

395 

100 

213 

13,  097 

2.41 

2.09 

September  

170 

48 

83 

4,  939 

0.  90 

0.81 

October  

92 

30 

47 

2,890 

0..53 

0.46 

November  

92 

23 

38 

2,  261 

0.41 

0.  37 

December  

a  60 

3,689 

0. 68 

0. 59 

a  Approximate. 
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Scc.-ft. 

1,200- 
1,100 
1, 000 
900 
800 
700 


600 


500 


400 


300 


JAN 

10  20 

FEB 

10  20 

MARCH 

10  20 

APRIL 
10  20 

MAY 

10  20 

JUNE 
10  20 

JULY 
10  20 

AUG. 
10  20 

SEPT 
10  20 

OCT 
10  20 

NOV 

10  20 

DEC. 
10  20 

1 

1 

k 

Ik 

J 

1 

1 

J 

J 

1 

iiuinuii 

1 

— 
— 

r 

1 

I 

II 

mill 

■ 

1 — 

/ 

'0 

R 

f 

■ 

a  Approximate. 

Fig.  99.— Discharge  of  Boulder  Creek  at  Boulder,  Colorado,  1897. 
Mating  table  for  St.  Vrain  Creek  at  Lyons,  Colorado,  for  1897. 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Ga^e 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

1.5 

24 

2.2 

155 

3.4 

459 

4.6 

763 

1.6 

33 

2.4 

206 

3.6 

510 

4.8 

824 

1.7 

46 

2.6 

256 

3.8 

561 

5.0 

872 

1.8 

64 

2.8 

307 

4.0 

612 

5.2 

920 

1.9 

85 

3.0 

358 

4.2 

662 

5.4 

968 

2.0 

107 

3.2 

408 

4.4 

712 

5.6 

1,  016 

Estiviated  monthly  discharge  of  St.  Vrain  CreeTc  at  Lyons,  Colorado. 
[Drainage  area,  209  square  miles.] 


Month. 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Run-oflf. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1897. 

May    

824 

345 

510 

31,  359 

2.  82 

2.44 

June  

980 

447 

668 

39, 749 

3.56 

3. 19 

Jiilv  

860 

294 

457 

28, 100 

2.53 

2.19 

August  

548 

143 

274 

16, 848 

1.51 

1.  31 

September  

180 

75 

123 

7,319 

0. 65 

0. 59 

October  

75 

28 

47 

2.  890 

0. 24 

0.  22 

November  

54 

28 

35 

2, 083 

0. 19 

0.  17 

a  40 

2,460 

0.22 

9. 19 

a  Approximate. 
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a  Approximate. 

Fig.  100.— Discbarge  of  St.  Vrain  Creek  at  Lyons,  Colorado,  1897. 


Rating  table  for  Big  Thompson  Creek  at  Arkina,  Colorado,  for  1897. 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
heigiit. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

0.0 

6 

0.7 

85 

1.4 

321 

2,0 

597 

0.1 
0.2 
0.3 

12 
19 

27 

0.8 
0.9 
1  0 

107 
132 
160 

1.5 

!  1.6 
'  1.7 

367 
413 
459 

2.1 

2.2 

2.3 

643 
689 
735 

0.4 
0.5 
0.6 

36 
48 
64 

1.1 
1.2 
1.3 

190 
229 
275 

1.8 
1.9 

505 
551 

2.4 
2.5 

781 
827 

19  GEOL,  PT  4  21 
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EnHmated  monthly  discharge  of  Big  Thompson  Creek  at  Arkim,  Colorado. 
[Drainage  area,  305  square  miles.] 


Month. 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Ban-off. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1897. 

666 

64 

417 

25,  640 

1.58 

1.37 

850 

36 

462 

27,  491 

1.68 

1.51 

July  

459 

146 

265 

16, 294 

1.00 

0.87 

August  

390 

36 

132 

8,116 

0. 49 

0.43 

September  

85 

19 

37 

2,202 

0. 13 

0. 12 

48 

6 

17 

1,045 

0. 07 

0.06 

C4 

6 

27 

1,  607 

0. 10 

0.09 

December   

a  40 

2,  460 

0.15 

0. 13 

a  A]ii)r<)xiinate. 


Sec.-tt. 
1,  200 

1,  100 
1,000 

900 

800 

700 

600 

500 

400 

300 

200 

100 
0 

a  Approximate. 

Fig.  101. — Discharge  of  Big  Thompson  Creek  at  Arkina,  Colorado,  1897. 
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Estimated  monthly  discharge  of  South  Platte  River  at  Xorth  Platte,  Nebraska. 
[Drainage  area,  23,294  square  miles.] 


Month. 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Seoond- 
feet  per 
square 
mile. 

1897. 

June  4-30  

4,427 

177 

2,110 

112,  998 

0.09 

0.  09 

August  10-31  

2,880 

1,  .505 

65,  670 

0.05 

0.06 

LOUP  RIVER. 

On  tlii.s  tributary  of  Platte  Riv^er  three  stations  are  maintained,  one 
each  on  the  Xortli  and  the  Middle  Loup  at  St.  Paul,  ISTebraska,  just  above 
their  respective  mouths,  and  one  at  Columbus,  on  the  main  river,  just 
above  the  junction  with  the  Platte.  A  description  of  the  St.  Paul 
stations  will  be  found  in  Water-Supply  and  Irrigation  Paper  i^o.  15, 
pp.  95-9G,  and  of  the  Columbus  station  on  Loup  lliver,  p.  97  of  the 
same  paper.    lu  computing  the  daily  discharges  Prof.  O.  V.  P.  Stout 
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Flo.  102.— Corrections  to  gage  height,  1897. 

has  employed  a  metliod  which  he  describes  as  follows:  A  diagram, 
lig.  lOi',  has  been  used  to  facilitate  the  indirect  appli<;ation  of  the 
rating  tables.  The  observed  heiglits  are  fir.st  corrected  by  use  of 
thi.s  diagram,  and  then  the  rating  table  is  applied  to  obtain  the  esti- 
mated discharge.  By  this  means  a  single  rating  table  is  used  instead 
of  a  number  of  tables  modi  lied  at  short  intervals.  For  example,  take 
the  ca.se  of  Middle  Loup  Kiver. 
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At  St.  Paul,  Nebraska,  in  1897,  measureiueuts  of  discharge  were  made 
as  noted  in  the  following  table: 

Measurements  of  discharge  of  Middle  Loup  River  at  St.  Paul,  2iebraska,  in  1897. 


Date. 

Gape 
height. 

Discharge,  i 

Feet. 

Second-feel.  1 

April  2  

1.74 

1, 792  ' 

May  11  

1.77 

1, 441  1 

May  27  

1.84 

1,256 

June  18  

1.87 

979 

July  16   

1.58 

816 

Date. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Jiilv  27   

1.56 

666 

August  18  

1.65 

661 

October  9  

1.70 

814 

October  30 

1.68 

1,  671 

An  examination  of  the  foregoing  table  fails  to  reveal  any  stable  rela- 
tion between  gage  height  and  discharge.  When  the  results  of  the 
measurements  are  plotted  on  cross-section  paper  the  i^roblem  of  obtain- 
ing a  rating  table  for  either  direct  or  indirect  application  seems  at  first 
to  be  one  of  hopeless  difficulty.  A  rating  table,  however,  has  been  pre- 
pared in  the  manner  indicated  by  the  following  paragraph,  which  is 
quoted  from  the  report  of  field  work  in  Nebraska  in  1897 : 

The  discharge  curve  has  been  made  to  conform  to  the  gagiugs  of  June  18  and  July 
17  and  to  the  assumption  that  for  the  greater  discharges  it  I'ollows  the  same  law  as 
the  corresponding  portion  of  the  curve  for  the  Platte  River  at  Columbus,  due 
allowance  having  been  made  for  the  difference  in  the  width  of  the  two  rivers. 

The  rating  table  is  as  follows: 

Eating  table  for  Middle  Loup  River  at  St.  Paul,  Nebraska,  for  1897. 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

1  Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

1.0 

625 

1.6 

820 

2.1 

1, 155 

2.6 

1,  740 

1.1 

655 

1.7 

865  I 

2.2 

1,250 

i  2.7 

1,  890 

1.2 

685 

1.8 

925 

2,3 

1,  360 

1  2.8 

2,050 

1.3 

715 

1.9 

990  ! 

2.4 

1,  480 

2.9 

2,215 

1.4 

745 

2.0 

1,065 

2.5 

1,  605 

3.0 

2,  390 

1.5 

780 

i 
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The  following  table,  to  be  used  in  connection  with  the  indirect  appli- 
cation of  the  former  rating  table  to  obtain  discharge  of  Middle  Loup 
Kiver  at  St.  Paul,  Nebraska,  has  been  prepared: 

Correction  table  for  Middle  Loup  River  at  St.  Paul,  Nebraska,  for  1897. 


■ 

Date  of  discharge  measurement. 

Gage  height. 

Corrected 
gage  height. 

Correction  to 
gage  height. 

Feet. 

Feet. 

Feet. 

April  2  

1.74 

2.63 

+  0.  89 

May  11  

1.77 

2. 37 

-f  0.  60 

Mav  27  

1.84 

2. 20 

+  0.  36 

June  18  

1.87 

1.88 

+  0. 01 

July  16  

1.58 

1.58 

0.00 

July  27  -  

1.56 

1.13 

—  0. 43 

August  18  

1.65 

1.11 

—  0. 54 

October  9  

1.70 

1.59 

—  0. 11 

October  30  

1.68 

2.55 

+  0. 87 

The  corrected  gage  height  is  that  which  in  the  rating  table  corre- 
si)onds  to  the  measured  discharge.  The  correction  to  gage  height  is  that 
which  nuist  be  applied  to  the  observed  gage  height  to  obtain  the  cor- 
rected gage  height. 

This  method  has  been  used  in  place  of  the  following  table,  which 
has  been  deduced  independently  by  the  method  commonly  employed 
in  the  case  of  streams  with  shifting  cross  sections. 

Hating  table  for  Middle  Loup  River  at  St.  Paul,  Nebraska,  as  deduced  by  ustial  viethod. 


Gage 
height. 


Discharge. 


Feet. 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 
2.0 
2.1 
2.2 
2.3 
2.4 
2.5 


Apr.  1  to  May 

1,  and 
Oct.  28  to  Nov. 
30,  1897. 

May  2  to  21, 
1897. 

Mav  22  to  June 
"  1.  1897. 

Second-feet. 

Second-feet. 

Second-feet. 

\,  002 
1,326 
1,650 
1,974 
2, 298 
2,622 
2, 946 
3, 270 
3, 594 
3,918 

885 
1,095 
1,  305 
1, 515 
1,  725 

780 
980 
1, 180 
1,380 

1 

June  2  to  Oct. 
27. 1897. 


Second-feet. 
483 
598 
713 
823 
943 
1,058 
1, 173 
1,288 
1,403 
1,518 
1.  633 
1,748 
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Rating  table  for  Middle  Loup  River  at  St.  Paul,  Nebraska,  as  deduced  by  usual  method — 

Continued. 


Gage 
heignt. 

Discbarge. 

Apr.  1  to  May 

1,  nnd 
Oct.  28  to  Nov. 

30, 1897. 

May  2  to  21, 
"1897. 

May  22  to  June 
'l,  1897. 

June  2  to  Oct. 
27, 1897. 

Feet. 
2.6 
2.7 
2.8 
2.9 
3.0 
3.1 

Second-feet. 

Second-feet. 

Second-feet. 

Second-feet. 
1,863 
1,  978 
2,093 
2, 208 
2, 323 
2, 438 

To  construct  the  diagram,  fig.  104  (see  p.  331),  a  number  of  horizontal 
lines  are  ruled  at  equal  distances  apart  on  a  sheet  which  has  a  vertical 
ruling  for  each  day  of  the  year.  One  of  the  horizontal  lines  is  assumed 
as  the  zero  or  base  line,  from  which  the  correction  to  gage  height  miiy 
be  laid  off  to  scale  on  the  vertical  line  corresponditig  to  the  date  of  the 
discharge  measurement.  A  free-hand  curve  is  drawn  through  the 
points  thus  located,  and  it  is  considered  that  the  ordinate  intercepted 
between  this  curve  and  the  zero  line,  on  the  vertical  line  corresponding 
to  any  date,  is  the  correction  to  gage  height  for  that  date.  When  this 
correction  has  been  applied  to  the  observed  gage  height,  the  rating  table 
is  entered  with  the  corrected  gage  height  as  an  argument,  and  the 
mean  rate  of  discharge  for  that  date  is  found. 

It  may  be  said,  with  show  of  reason,  that  this  method  of  rating  a 
gaging  station  is  founded  on  a  rational  basis.  Except  at  the  lowest 
stages  of  a  sandy  river,  when  it  is  divided  into  several  channels,  or 
when  it  occupies  only  a  portion  of  the  ordinary  channel,  the  main 
cause  of  the  changes  in  the  relation  between  gage  height  and  discharge 
is  the  elevation  and  depression  of  the  bed  of  the  river,  which  are  known 
to  take  place.  This  change  usually  occurs  at  a  gradual  rate,  and  pre- 
sumably with  some  regularity.  Sudden  floods,  however,  tend  to  wash 
the  sand  from  the  channel  of  the  river  and  to  deposit  it  on  the  sides,  so 
that  when  the  flood  subsides  it  is  found  that  the  surface  of  the  water 
is  considerably  lower  than  at  times  of  equal  discharge  previous  to 
the  flood.  The  curves  here  given,  however,  do  not  show  any  marked 
instances  of  this  effect.  This  fact  may  be  explained  by  the  absence 
of  excessive  floods  in  1897. 

Now,  if  the  river  bed  be  imagined  as  permanent,  and  a  rating  table 
be  deduced,  it  is  apparent  that  this  rating  table  can  be  ai)plied  indi- 
rectly to  the  station,  in  spite  of  changes  in  the  average  elevation  of  the 
bed  of  the  stream,  if  the  form  of  the  cross  section  of  the  stream  does 
not  undergo  material  change. 
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If  such  a  rating  table  could  be  detained,  the  curve  of  corrections  to 
gage  height,  as  here  defined,  would  represent  at  the  same  time  the 
changes  in  the  average  elevation  of  the  bed  of  the  stream.  Through- 
out a  season  during  which  no  floods  occur  we  should  expect  the  curve 
to  be  one  of  considerable  regularity  and  smoothness.  Those  portions 
of  the  curve  which  were  adjacent,  in  point  of  time,  to  floods  of  magni- 
tude, woxild  be  expected  to  present  irregularities  not  in  accord  with 
the  smoother  portions  of  the  curve  on  each  side  of  them. 

Recurring  now  to  the  cases  in  hand,  it  must  be  noted  that  in  no  one  of 
them  is  there  more  than  the  roughest  approximation  to  the  conditions 
of  the  ideal  case  which  has  been  assumed.  Soundings  have  shown 
that  at  times  of  equal  discharge  the  sections  at  the  same  point  may 
vary  materially  in  area  and  in  form.  ^Nevertheless,  the  process  which 
has  been  described  has  been  founded  upon  the  assumption  of  the  exist- 
ence of  the  ideal  conditions,  and  it  may  be  of  interest  to  examine  the 
curves  as  constructed  and  see  how  nearly  they  approximate  in  their 
nature  to  what  would  be  expe(;ted  if  the  ideal  conditions  actually  pre- 
vailed. When  the  direction  of  curve  is  upward  in  the  direction  of  the 
progress  of  time  it  indicates  that  the  river  bed  is  falling,  and  vice 
versa. 

The  curve  which  represents  corrections  to  gage  height  on  the  Middle 
Loup  River  at  St.  Paul  is  smooth,  with  the  exception  of  a  departure 
from  the  normal  in  the  vicinity  of  the  point  which  corresponds 
to  the  gaging  of  July  IG.  The  maximum  flood  of  the  season,  which 
occurred  on  July  1,  might  explain  this  exception,  but  a  flood  on  August 
10,  which  reached  nearly  as  great  a  height,  seems  to  have  been  without 
effect  on  the  nature  of  the  curve.  The  curve  indicates  that  the  average 
surface  of  the  bed  of  the  river  rose  until  August  18,  from  which  time 
it  fell  until  the  close  of  tlie  season. 

The  curve  for  Xorth  Loup  River  at  St.  i*aul  is  of  the  same  general 
nature  as  that  for  the  Middle  Loup.  The  bed  of  the  river  rose,  excei)t 
as  noted,  until  a  period  about  August  18,  during  which  it  seems  to 
have  been  stationary  and  after  whicli  it  fell  until  the  end  of  the  sea- 
son. The  only  exception  to  the  general  smoothness  of  the  curve  occurs 
in  the  portion  governed  l)y  the  gaging  made  on  May  28.  For  a 
short  period  at  this  time  it  seems  tliat  the  bed  of  tlie  river  fell,  while 
the  general  change  during  the  season  until  August  18  was  in  the  oppo- 
site direction.  The  season  from  June  22  to  July  0,  inclusive,  was  one 
of  floods,  the  highest  stage  of  water  for  the  year  occurring  on  July  3. 
The  effect  of  these  floods  on  the  curve  is  not  apparent.  The  rating 
table  for  this  station  was  prej)are(l  for  use  in  connection  with  the  work 
of  1890  and  is  to  be  found  in  the  iOighteenth  Annual  Report,  Part  IV, 
p.  177. 

The  curve  for  the  Loup  River  at  Columbus  indicates  that  the  bed 
of  the  river  was  subject  to  several  alternations  of  rise  and  fall.  It 
seems  to  liave  risen  rapidly  from  March  1!)  to  March  23,  then  to  have 
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been  stationary  until  April  27,  to  have  fallen  until  May  25,  to  have 
risen  again  until  July  10,  to  have  fallen  until  August  29,  to  have  risen 
until  October  30,  and  thereafter  to  have  fallen.  These  indications  are 
confirmed  hy  the  points  representing  gagings  on  the  following  dates 
and  which  lie  between  the  extreme  points  at  which  changes  in  the 
direction  of  the  curve  appear,  viz,  June  17,  July  29,  August  17,  and 
October  7.  The  principal  floods  of  the  season  reached  their  maxima 
on  June  27  and  July  1,  but  they  do  not  seem  to  have  interfered  with 
the  smoothness  of  the  curve.  The  rating  table  used  for  this  station 
was  prepared  in  1895,  was  modified  and  extended  in  1896,  and  was 
published  in  the  Eighteenth  Annual  Eeport,  Part  IV,  p.  183. 

The  rating  table  for  the  White  River  at  Crawford  has  been  made  to 
conform  to  the  measurements  of  discharge  which  were  taken  on  Sep- 
tember 6  and  21,  October  18,  and  November  5.  The  curve  of  correc- 
tions to  gage  heights  therefore  coincides  with  the  zero  line  during  the 
period  covered  by  those  dates  and  indicates  no  change  in  the  height  of 
the  bed  of  the  stream.  The  other  portion  of  the  curve  which  applies 
to  the  period  from  June  25  to  September  6,  inclusive,  indicates  that  the 
bed  of  the  stream  rose  steadily  throughout  that  period.  No  floods 
occurred  in  this  stream  during  the  season  of  observations. 

In  the  following  jjages  are  given  the  results  of  the  usual  method  of 
computation — that  is,'  by  the  use  of  a  number  of  rating  tables  each  appli- 
cable for  a  short  period : 


Rating  table  for  North  Loup  River  at  St,  Paul,  Nebraska,  for  1897. 


Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Mar.  13  to 
June  1. 

June  2  to 
Oct.  31. 

Mar.  13  to 
June  1. 

June  2  to 
Oct.  31. 

Feet. 

Second-feet. 

Second-feet. 

Feet. 

Second-feet. 

Second-feet. 

2.6 

460 

580 

3.4 

2, 380 

1,980 

2.7 

690 

615 

3.5 

2,  610 

2,  212 

2.8 

920 

660 

3.6 

2,840 

2,444 

2.9 

1, 150 

820 

3.7 

3, 070 

2,  676 

3.0 

1,460 

1,052 

3.8 

3,300 

2,  908 

3.1 

1,690 

1,2S4 

3.9 

3, 530 

3,  140 

3.2 

1,920 

1, 516 

4.0 

3,  372 

3.3 

2, 150 

1,748 
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Estimated  monthly  discharge  of  North  Loup  River  at  St.  Paul,  Nebraska. 
[Drainage  area,  4,024  square  miles.] 


Total  in  acre- 
feet. 

Run-off. 

Depth  in 
inches. 

OovOIItl- 

feet  per 
square 
mile. 

61,  488 

0. 29 

0.  25 

55, 537 

0. 26 

0.25 

61, 488 

0. 29 

0. 25 

79,  081 

0. 37 

0.  33 

59, 090 

0. 28 

0. 24 

70, 393 

0.  32 

0.29 

58,  660 

0. 28 

0.24 

44,  763 

0.21 

0. 18 

46, 889 

0. 22 

0.20 

62,  287 

0. 29 

0.  25 

59, 504 

0.  28 

0.25 

61, 488 

0. 29 

0.25 

720,  668 

3. 38 

0.  23 

Month. 


Discharge  in  second-feet. 


I 


Maxi- 
mum. 


Mini- 
mum. 


!Mean. 


1897.  j 

January   a  1,  000 

February  a  1,  000 

March  '  al,000 

1,329 
961 
1, 183 
954 
728 
788 
1,013 

November  a  1, 000 

December  al,  000 


April  

3, 530 

575 

May  

1,265 

575 

Juue  

4,880 

575 

July  

3,  372 

635 

August  

1,284 

635 

September  

1,864 

635 

October  

1,  748 

740 

The  year 


996 


a'Approzimate. 


JAN. 
10  20 

rEB 

10  20 

MARCH 

10  20 

APRIL 
10  20 

MAY 

10  20 

JUNE 
10  20 

JULY 
10  20 

AUG. 
10  20 

SEPT 
10  20 

OCT. 
10  20 

NOV. 
10  20 

DEC. 
10  20 

i 

1. 

i 

BliQiiir 

1  l^'lllll 

1 

1 

1 

II 

nil 

'niB 

iin 

1 

■mi 

VIP 

S«c.-ft. 

6,000 

5,500 
5,000 
4.500 
4,000 
3. 50(1 
3, 000 
2,500 
2,  OIK) 
1,500 
1.  OW) 
500 
0 


a  Ai)i>i  oxini!ite. 

Fio.  103  —Discharge  of  North  Loup  River  at  St.  Paul,  Nebraska,  1897. 
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Estimated  monthly  discharge  of  Middle  Loup  River  at  St.  Paul,  Nebraska 
[Drainage  area,  6,849  square  miles.] 


Month. 


1897. 
January  . . . 


Discharge  in  second-feet. 


Maxi- 
mum. 


Mini- 
mum. 


Mean. 


al,  500 

February  a  1,  500 


March  

April  

May  

Juue  

.Tuly  

August  

September 
October . . . 
November. 
December  . 


The  year . 


1,490 

1,  055 

2,600 

860 

1,800 

660 

885 

605 

720 

585 

2,800 

705 

a  1,  600 
a  2,  000 
1,274 
1,  037 
865 
673 
675 
1, 169 
a  1, 100 
al,  100 

1,208 


Total  in  acre- 
feet. 


92,  232 
83,  306 
98,  380 
119, 008 
78, 335 
61,  706 
53, 186 
41, 381 
40, 166 
71,  879 
65, 454 
67, 636 

872,  669 


Rnn-oflf. 


]  Second- 
Depth  in  t  feet  per 
inches.  square 
mile. 


0. 25 
0.  23 
0.  26 
0. 32 
0.  22 
0. 17 
0. 15 
0. 12 
0. 11 
0. 20 
0. 18 
0. 18 

2. 39 


0.22 
0.22 
0. 23 
0. 29 
0. 19 
0. 15 
0. 13 
0. 10 
0. 10 
0. 17 
0. 16 
0. 16 

0. 18 


a  Approximate 
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APff.  MAy 


S«.-ft. 
2,000 


1,  5(X) 


1,000 


500 


Fe«t. 
3.0 


2.0 


1.0 


0.0 
+  1.0 


0.0 


—1.0 


19  ^ 


kJULV 


AUGUST  SEPT. 


DISCHArGt'S 


OBSi'ff^i'D 


/o  so' 


OCT. 


/?  <tfi 


Fig.  104. — Correction  cur\-e,  observed  and  fstinuilcd  In  iglits,  and  discbarge  of  Middle  Loup  Kiver  at 

St.  Paul,  Nebraska,  1897. 

Eating  table  for  Loup  River,  Columbus,  Sebraska,  for  1897. 


Gace 
height. 

Discharge,  a 

Mar.  15  to 
Apr.  27. 

May  25  to 
July  1. 

July  2  to 
Aug.  4. 

Aug.  5  to 
Nov.  21. 

Feet. 
3,7 
3.8 
3.9 
4.0 
4.1 
4.2 

Second-feet. 

Second-feet. 

Second-feet. 
560 
1,060 

1.  720 

2.  380 

3.  010 
3,  700 

Second-feet. 



1,  100 
1,3C0 
1,650 

aDiecharges  from  April  28  to  May  24  were  interpolated. 
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Hating  table  for  Loup  River,  Columbus,  Nebraska,  for  1897 — Contiuued. 


Gage 
height. 


Discharge,  a 


Feet. 
4.3 
4.4 
4.5 
4.6 
4.7 
4.8 
4.9 
5.0 
5.1 
5.2 
5.3 
5.4 
5.5 
5.6 
5.7 
5.8 
7.7 


Mar.  15  to 
Apr.  27. 


Mav  25  to 
Julv  1. 


Second-feet. 


2, 780 

2,  950 
3, 150 
3, 400 

3,  700 
4,200 
4,850 
5,  500 
6, 150 
6,800 
7, 450 
8,100 
8,750 
9,400 

10,  050 


Second-feet. 
1,450 
1,000 
1,800 
2,050 
2,  400 
3,200 
4,040 
4.880 


July  2  to 
Aug.  4. 


Aug.  5  to 
Nov.  21. 


Second-feet. 
4,360 
5,020 

5,  680 

6,  340 
7,000 

7,  660 


Second-feet. 
2, 200 
2,920 
3,640 
4,360 
5,080 
5,800 
6,520 
7,240 


27.  000 


o  Discharges  from  April  28  to  May  24  were  interpolated. 

Estimated  monthly  discharge  of  Loup  Biver  at  Columbus,  Xebraska. 
[Drainage  area,  13,542  square  miles.] 


Month. 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Kun-off. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth 

in 
inches. 

Second- 
feet  per 
square 
mile. 

1897. 

April  

4,525 

2,  675 

3,  695 

219, 867 

0. 30 

0. 27 

May  

2,  875 

1,750 

2,  496 

153,  473 

0.21 

0. 18 

4,880 

1,  520 

2,  498 

148,  641 

0.20 

0. 18 

.July  

27,000 

670 

3,  490 

214, 593 

0. 30 

0. 26 

August  

5,870 

1,000 

2,  311 

142, 099 

0.20 

0. 17 

September  

2, 780 

1,160 

1,  837 

109,  309 

0. 16 

0.14 

October  

23,  800 

1,510 

4,401 

270, 609 

0.  36 

0.  33 
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FiQ.  105.— Discharge  of  Loup  River  at  Columbus,  Sfebraska,  1897. 


PLATTE  RIVER. 

One  gaging  station  is  maintained  on  the  main  Platte  Eiver  at 
Colunil)ns,  described  in  Water-Supply  and  Irrigation  Paper  No.  15, 
p.  98.    It  is  a  short  distance  above  the  mouth  of  Middle  Loup  Eiver. 

Bating  table  for  Platte  Eiver  at  Columbus,  Nebraska,  for  1897. 


Gage 
heigbt. 

Sincharge. 

Gage 
height. 

Discharge. 

Gage 
heigut. 

Discharge. 

Gage 
heignt. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

2.5 

1,400 

3.3 

4,500 

4.0 

9,200 

4.7 

18,  000 

2.6 

1,676 

3.4 

5,000 

4.1 

10,  300 

4.8 

19,  700 

2.7 

1,984 

3.5 

5,  500 

4.2 

11,  300 

4.9 

21,  600 

2.8 

2,324 

3.6 

6,050 

4.3 

12,300 

5.0 

23,  700 

2.9 

2,696 

3.7 

6,700 

4.4 

13, 450 

5. 1 

2(i,  000 

3.0 

3,100 

3.8 

7,400 

4.5 

14,800 

5.2 

28,  400 

3.1 

3,500 

3.9 

8,200 

4.6 

16,  400 

5.3 

31,000 

3.2 

4,000 

I 
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Estimated  monthly  discharge  of  Platte  River  at  Columbus,  Xebraska. 
[Drainage  area,  56,867  square  miles.] 


Month. 

Discharge  iu  second-feet. 

Total  in  acre- 
feet. 

Run-oflf. 

Maxi- 
mum. 

Mini- 
mum. 

Mean'. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1897. 

May  

21,600 

6,  700 

11,  801 

725,  620 

0.  24 

0.  21 

June  

31,  000 

8,700 

16,  904 

1, 005, 856 

0.  33 

0.  30 

July  

8, 200 

990 

2,  771 

170,  383 

0.06 

0.05 

Fig.  lOfi.— Discharge  of  Platte  Kiver  at  Columbus,  Nebraska,  1897. 


ELKHORN  RIVER. 

Elkliorn  Eiver  drains  an  area  in  northeastern  Nebraska  adjoining  the 
basins  of  Mobrara  and  Loup  rivers.  This  river  is  the  last  important 
tributary  of  the  Platte  before  the  latter  stream  enters  Missouri  Kiver. 

A  gaging  station  is  located  about  2  miles  south  of  Norfolk,  Nebraska, 
and  above  the  mouth  of  the  North  Fork.  The  results  of  the  field  work 
at  this  station  are  given  in  Water-Supply  and  Irrigation  Paper  No.  15, 
p.  99. 

Four  measurements  of  the  North  Fork  near  Norfolk  were  made,  as 
follows:  March  24,  discharge  701  second-feet;  May  6,  discharge  160 
second-feet;  May  24,  discharge  77  second  feet;  July  30,  discharge  70 
second  feet. 


NBWKLL.]  ELKHORN  RIVER. 

Rating  table  for  Elkhorn  Biver  at  Norfolk,  Nebraska,  for  1897. 
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Gage 
height. 

Discharge. 

Gace 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
hei^t. 

Discharge. 

Feet. 

Seeond-feeU 

Feet. 

Second-fo.et. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

0.5 

115 

1.0 

256 

1.5 

435 

2.0 

660 

0.6 

140 

1.  1 

289 

1.6 

477 

2.1 

740 

0.7 

166 

1.2 

323 

1.7 

519 

2.2 

820 

0.8 

194 

1.3 

359 

1.8 

562 

2.3 

915 

0.9 

224 

1.4 

396 

1.9 

607 

2.4 

1,010 

Estimated  monthly  discharge  of  Elkhorn  River  at  Norfolk,  Nebraska. 
[Drainage  area,  2.474  square  miles.] 


Munth. 


Discharge  in  second-feet. 


Maxi- 
mum. 


1897. 

January  

Febrnary   

March  

May   1,020 


June  

July  

August  

September 
October  . . . 
November. 
December  . 


370 
380 
275 
190 
295 


Mini- 
mum. 


Mean. 


320 
255 
180 
150 
115 
140 


a  1,000 
a  <»()0 
a  800 
539 
302 
244 
206 
158 
209 
«200 
rt200 


Total  in  acre- 
loot. 


61,  488 
49,  983 
49, 190 
33, 142 
17,  970 
15,003 
12,  667 
9,402 
12, 851 
11, 901 
12,  298 


Kun-off. 


Depth  in 
inches. 


0.  46 
0.  37 
0.  37 
0.25 
0. 14 
0. 12 
0.09 
0. 07 
0.  09 
0.09 
0. 09 


Second- 
feet  per 
square 
mile. 


0.  40 
0.  36 
0.32 
0.  22 
0. 12 
0. 10 
0.08 
0.  06 
0.  08 
0.08 
0.08 


a  Approximate. 

List  of  miscellaneous  discharge  measurements,  Platte  Basin. 


Date. 


Stream. 


Feb.  5 
Mar.  28 

May  14 
May  28 
Do... 
June  14 
June  21 
June  23 
July  24 


Salt  Creek  

Hhie  Creek  

South  Platte  River  . 
Middle  Loup  Uiver . 
South  I.oiip  Kivor  . . 
South  Platte  River  . 

 do  

Elkhorn  River  

North  Loup  River.. 


Locality. 


1  Meter 
InDmber. 


Aug.  13    South  Platte  River . 


Lincoln.  Nebraska   105 

NE.  i  sec.  30,  T.  Ki  N.,  R.  Float  . 
42  W. 

:  North  Platte,  Nebraska  . .  Price  . 

I  Boelus,  Nebraska   Price  . 

.St.  Michael,  Ncbra.ska   Price  - 

North  Platte,  Nebraska  . .  1 
 do   1 

O'Neill,  Nebraska   Price  . 

T.  P.  John's  ranch,  mouth  Price  . 
I     of  Waumeduzu  Creek. 

'  North  Platte.  \ebra.<4ka  ..  Price  . 


Area 
of  sec- 
tion. 


Sq.feet. 

37 

1,141 
383 
147 
1,  141 
1,7!I2 
19 
69 

1,348 


Mean 
veloc- 
ity- 


Feet  2>er 
second. 


1.15 

1.71 
2. 17 
1.48 

1.71 
2.47 
1.08 
1.88 

2.  13 


Dis- 
charge. 


Sec-feet. 
38 
115 

1,949 
837 
220 
1.049 
4,427 
21 
130 

2, 880 
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EVAPORATION  AND  SEEPAGE  NEAR  KEARNEY,  NEBRASKA. 

Observations  of  evaporation  were  made,  under  the  direction  of  Prof. 
O.  Y.  P.  Stout,  on  a  small  pond  on  the  grounds  of  the  Nebraska  State 
Industrial  School  at  Kearney  by  Maj.  H.  C.  McArthur.  A  hook  gage 
was  placed  August  12,  1895,  fastened  vertically  and  reading  to  one- 
hnndredths  of  an  inch.  This  pond  is  320  feet  long  in  a  north  and  south 
direction  and  about  90  feet  wide  east  and  west.  When  full  the  depth 
is  nearly  7  feet,  and  is  usually  from  5  to  o.5  feet.  The  water  supply, 
with  the  exception  of  that  which  falls  in  the  form  of  rain  and  snow  upon 
tlie  surface  of  the  pond  and  the  inner  slopes  of  the  embankment,  is 
under  complete  control,  being  admitted  from  the  Kearney  Canal  through 
a  cast-iron  pi^je  with  a  gate  valve.  The  results  of  the  work  in  1895  will 
be  found  in  Bulletin  ITo.  140,  p.  349.  The  results  for  1896  are  given 
below ;  in  1897  readings  were  taken  only  through  October,  November, 
and  December. 

Daily  mean  evaporation  and  seepage,  near  Kearney,  Xehraska,  for  1896. 


Day. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
U. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 


April. 


Inchet. 


May. 


0.  95 
1.70 
1.40 
1.25 
1.25 
1.22 


Inches. 
1.06 
1.10 
0.  91 
1.13 

1.11 
1. 12 
l.ll 
1.09 

(a) 
(a) 
(a) 
2. 73 
2.  68 

1.38 
1.97 
(b) 
1.31 
0.  98 
0. 62 
0. 97 
0.85 


June. 


Inches. 

(a) 


2. 10 
1.90 
1. 55 
1.40 
0.  70 
0.  83 
0.  78 
0.94 

(&) 
0. 86 
1. 12 
1.08 
1.14 
0.  98 
0.92 
1.04 
1.06 
1. 10 
1.00 
1.05 

(b) 
0. 76 


July. 

Aug. 

Sept. 

Oct. 

Nov. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

1.60 

(a) 

1.17 

2. 55 

1.33 

3.  25 

(b) 

1.16 

2. 15 

1.21 

2.  90 

1. 17 

1.95 

1.00 

2. 40 

2. 69 

(a) 

1.80 

1.00 

(6) 

2. 36 

(a) 

1.65 

(b) 

1.88 

2. 03 

2.  .59 

1.25 

1. 10 

1.67 

1.  75 

2. 10 

1.25 

1.05 

1.70 

1.56 

2.08 

1.11 

(b) 

1.52 

1.81 

1.93 

0.  93 

0. 80 

1.51 

ib) 

1.63 

0.94 

0. 98 

1.57 

1.42 

0.  92 

0.  90 

1.31 

1. 79 

1.35 

0. 90 

0.  99 

(a) 

1.69 

1.28 

0. 90 

1.03 

(b) 

1.27 

0. 80 

1.04 

2.  37 

1.  23 

(a) 

(a) 

2. 29 

3. 04 

1.20 

(,«) 

ib) 

3.02 

1. 19 

dl.61 

ib) 

(a) 

dl.64 

3. 05 

3.  28 

1.65 

(il.58 

1.93 

2.  72 

1.88 

1. 57 

1.35 

2. 82 

(b) 

1.80 

(a) 

1.20 

2. 65 

(b) 

1.75 

(a) 

1. 10 

ib) 

1.67 

1.43 

1.00 

(b) 

2.  95 

1.60 

1.35 

0. 90 

a  Pond  f  uIL 


b  Kain. 


c  Gage  moved. 


d  Ice  in  poud. 
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Daily  mean  evaporation  and  seepage,  near  Kearney,  Nehraaka,  for  1896 — Continued. 


Day. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

25  

■ 

Inches. 
1.27 
1.  17 
1.25 

(6) 

1.25 

1.03 

Inches. 
1.09 
1.10 
1.15 
1. 12 
1.11 
1.05 
(a) 

Inches, 
(a) 

(«) 

Inches. 

Inches. 
2.  80 
2. 28 
2. 08 
1.74 
1.63 
3.39 
(«) 

Inches. 
1.55 

(6) 

1.38 

1.16 

1.19 

1.18 

Inches. 
1.40 
1.08 
1.05 
1.02 
{b) 
(b) 
(b) 

Inches. 
0.85 

(c) 

(0) 

(<■) 
(c) 
(c) 

26  

3. 72 

27  

28  

1.85 

(i) 
(b) 

29  

3.  65 
3.05 

(b) 

30  

31  

Mean  

1.25 
dl5.00 

1.25 
38.75 

1. 15 
34.50 

1.75 
54. 25 

2. 25 
69.75 

1.85 
55.50 

1.45 
44.  95 

1.32 
39. 60 

Total,  eati- 
mated . . 

aPondfuU.  6Kaiu.  c  Frozen.  dApril  19  to  30. 

Estimated  monthly  evaporation  and  seepage  near  Kearney,  Neiraska. 


Month. 


1896 

Aprill9  to  30  

May  

June  

July  

August  

September   

October   

November  


Inches  per  24  hours. 


Maxi- 
mum. 


1.70 
2.73 
2. 10 
3.72 
3. 39 
3. 04 
2.  59 
2. 55 


Mini- 
mum. 


0.  95 
0.62 
0.  70 
0. 80 
1.31 
1.16 
1.02 
0. 80 


Mean. 


1.25 
1.25 
1. 15 
1.75 
2.25 
1.85 
1.45 
1.32 


Total 
inches. 


15. 00 

38.  75 
34. 50 
54. 25 
69.  75 
55. 50 
44.  95 

39.  60 


KLAXSAS  BASIN. 

Tlie  ba.sin  of  Kansas  River  is  located  between  that  of  the  Platte  on 
the  north  and  the  Arkansas  on  the  south.  It  differs  from  these  two 
watersheds  in  that  it  is  wholly  a  plains  basin  and  none  of  the  tribu- 
taries drain  mountainous  areas.  It  is  also  different  from  the  ordinary 
river  system  in  that  rainfall  is  least  at  its  head,  averaging  about  10 
inches  in  eastern  Colorado  and  then  gradually  increasing  toward  the 
east,  where  the  average  is  about  40  inches.  The  head-water  streams 
rise  in  an  arid  country,  passing  through  what  is  known  as  the  sub- 
humid  region,  and  then  below  the  course  of  the  main  stream  is  in  the 
humid  belt.  The  larger  tributaries  of  Kansas  River  carry  considerable 
water,  but  they  are  not  utilized  for  irrigation  to  any  great  extent. 
19  GEOL,  FT  4  22 
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Kansas  Kiver  proper  is  formed  by  the  juuction  of  Kepublican  and 
Smoky  Hill  rivers  at  Junction  City,  Kansas;  these  two  rivers  drain  at 
their  mouths  25,837  and  20,428  square  miles,  respectively. 

REPUBLICAN  RIVER. 

On  Eepublican  Eiver  two  ga.i;ing  stations  have  been  maintained — one 
at  Superior,  Nebraska,  and  the  other  at  .Junction  City,  Kansas.  They 
are  described  in  Water-Supply  and  Irrigation  Paper  Xo.  10,  pp.  107 
and  109,  respectively.  The  results  of  the  work  at  Superior,  tlie 
upper  station,  are  not  so  satisfactory  as  they  might  be  on  account  of 
the  occurrence  of  a  niilldaui  directly  below  the  gage  and  to  the  fact 
that  the  water  when  running  in  the  mill  race  is  not  included  in  the 
measurements.  The  error  is  greatest  at  low  water  when  the  discharge 
of  the  canal  is  a  larger  percentage  of  the  flow  of  the  river  than  during 
high  water.  Also  at  extreme  low  stages  the  storage  in  the  mill  pond  is 
drawn  upon  and  no  water  then  passes  over  the  crest  of  the  dam.  The 
data  in  the  accompanying  tables  show  the  amount  of  water  passing 
over  the  crest  of  the  dam.  It  is  reported  that  the  water  was  used  by 
the  mill  at  a  nearly  constant  rate,  about  85  second-feet.  This  amount, 
therefore,  should  be  added  to  the  figures  in  the  tables.  The  condi- 
tions prevailing  at  this  gaging  station  are  more  fully  described  in  the 
Eighteenth  Annual  Eeport,  Part  IV,  p.  201.  The  area  drained  at  this 
point  is  22,347  square  miles. 

The  Junction  City  station  is  located  at  the  mouth  of  the  river  where 
it  joins  Smoky  Hill  Eiver.  The  figures  show  the  total  run-off  for  the 
basin. 

Bating  table  for  HepuMican  River  at  Superior,  NehraHha,  for  1897. 


Gage 
height. 

Discharge. 

Gage 
heigrit. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
^  height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

0.0 

60 

0.5 

341 

1.0 

880 

\  1.5 

2,  360 

0.1 

101 

0.6 

420 

1.  1 

1, 130 

1.6 

2,  660 

0.2 

150 

0.7 

506 

1.2 

1,460 

1.7 

2,  960 

0.3 

206 

0.8 

600 

1.3 

1,  760 

0.4 

270 

0.9 

710 

1.  4 

2,  060 
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Estimated  monthly  discharge  of  Repuhlican  Rirer  at  Superior,  Xchraska. 


[Drainage  area,  22,347  square  miles.] 


Montli. 

Di.scharge  in  second-feet,  a 

feet. 

Run-off. 

Maxi- 
mum. 

niiiin. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1807. 

Jauuarv  

900 

555 

710 

43, 655 

0. 037 

0.032 

February   

1,520 

420 

906 

50, 316 

0.043 

0. 041 

March  

G50 

385 

.-.10 

31, 359 

0.026 

0.023 

April   

2.  870 

620 

1,244 

74,  023 

0. 002 

0.  056 

May    

1. 130 

180 

420 

25,  825 

0.022 

0.  019 

750 

180 

359 

17, 802 

0. 018 

0. 016 

July  

4,310 

119 

922 

56,  690 

0.047 

0.041 

August  

1,460 

94 

2.:9 

15, 924 

0.  014 

0. 012 

Septemljer  

241 

0 

71 

4,  225 

0.  003 

0.003 

aDiscbarge.s  represent  amount  going  over  dam  only;  the  mill  race  carries  on  an  average  85  second- 
feet. 
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Fio.  107. — Di.«charge  of  Republican  River  at  Superior,  Nebraska,  1897. 


Hating  table  for  llepuhlican  Hirer  at  Junction  City,  Kansas,  for  1S97. 


Gage 
height. 

Discharge. 

Gago 
height. 

Discharge. 

Gago 
height. 

Discharge. 

Gage 
height. 

Discharge.  ^ 

Feel. 

Seeimdfeet. 

Feet. 

Second-feet. 

Feet. 

Second  feet. 

Feet. 

1 

Second-feet. 

2.1 

85 

3.2 

515 

4.3 

1, 240 

5.8 

2,  975 

2.2 

102 

3.3 

560 

4.4 

1,  325 

6.0 

3,  300 

2.3 

125 

3.4 

625 

4.5 

1.415 

6.2 

3,  600 

2.4 

1.54 

3.5 

690 

4.6 

1,  .505 

6.4 

3,  925 

2.5 

210 

3.6 

750 

4.7 

1,  605 

6.6 

4,280 

2.6 

254 

3.7 

810 

4.8 

1,710 

6.8 

4,  700 

2.7 

290 

3.8 

870 

4.9 

1,820 

7.0 

5, 140 

2.8 

325 

3.9 

930 

5.0 

1, 925 

7.2 

5,  580 

2.9 

305 

4.0 

1,000 

j  5.2 

2, 150 

7.  \ 

6,  053 

3.0 

415 

4. 1 

1,080 

5.4 

2,  420 

3.  1 

465 

1 

4.2 

1,  160 

.■).  6 

1 

2,  ()75 
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Estimated  monthhj  discharge  of  Eepnhlican  lUver  at  Junction  City,  Kansas. 
[Drainage  area,  25,837  square  miles.] 


Discharge  in  second-feet. 

Run -off. 

Month. 

Total  in  acre- 

Second- 

Maxi- 

Miiii- 

Mean. 

feet. 

Depth  in 

feet  per 

niuni. 

iiiiini. 

inches. 

square 

mile. 



1897. 

January  

1,  A.O\J 

:4  CAT 

4;),  507 

U.  \JOO 

u.  uzy 

February   

3,055 

625 

1,343 

74, 563 

0. 054 

0. 052 

March  

1, 160 

750 

898 

55,  228 

0.040 

0.035 

April   

8,  250 

1,  000 

2,  032 

120,  895 

0. 087 

0.  078 

May  

2,  550 

325 

833 

51,  213 

0. 037 

0.032 

June  

6,  053 

290 

1,  592 

94, 713 

0. 068 

0.  062 

July  

6,  360 

440 

1,824 

112, 147 

0.  082 

0.071 

August  

2,  210 

254 

619 

38,  042 

0.028 

0.024 

September  

537 

125 

204 

12, 156 

0. 009 

0.008 

October  

415 

85 

205 

12,  605 

0. 009 

0. 008 

November  

1, 120 

290 

632 

37, 577 

0.027 

0.024 

December  

930 

290 

668 

41, 070 

0.030 

0.026 

The  year  

6,  360 

85 

966 

695,  716 

0. 504 

0. 037 

JAN. 
10  20 

FEB. 
10  20 

MARCH 
10  20 

APRIL 
10  20 

MAY 

10  20 

JUNE 
10  20 

JULY 
10  20 

AUG, 
10  20 

SEPT. 
10  20 

OCT. 
10  20 

NOV. 
10  20 

DEC. 
10  20 

i 

i 

1 

k 

- 

m 

w 

1 

Sec.-ft. 

24, 000 
22, 000 
20, 000 
18, 000 
16, 000 
14,000 
12,  000 
10, 000 
8,000 
6,000 
4,  000 
2, 000 
0 


Fig.  108. — Discharge  of  Hepublican  River  at  Junction  City,  Kansas,  1897. 
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SOLOMON  RIVER. 

The  principal  tributaries  of  Smoky  Hill  River  are  Solomon  and 
Saline  riv^ers.  Gagin<;'  stations  have  been  maintained  on  each  of  these 
streams.  On  the  Ibrmer  the  old  station  at  Beloit,  described  in  Water- 
Supply  and  Irrigation  Paper  No.  10,  p.  110,  was  discontinued  June 
30,  1897,  because  of  its  poor  section.  Another  station  has  been  estab- 
lished, however,  lower  down  the  river  at  Niles,  near  the  mouth,  May  6, 
1897,  and  from  that  date  tlie  record  is  continuous.  This  station  is 
described  in  Water-Supply  and  Irrigation  Paper  Xo.  16,  p.  111. 


Bating  table  for  Solomon  River  at  Beloit,  Kansas,  for  1897. 


Gage 
height. 

Discharge. 

Gaee 
heignt. 

Discharge. 

Gage 
heiglit. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

2.4 

16 

3.8 

350 

5.2 

975 

6.6 

1, 740 

2.6 

20 

4.0 

425 

5.4 

1,  075 

6.8 

1, 865 

2.8 

2.5 

4.2 

508 

5.6 

1, 180 

7.0 

1,990 

3.0 

75 

4.4 

590 

5.8 

1,  295 

7.2 

2, 125 

3.2 

150 

4.6 

680 

6.0 

1,  400 

7.4 

2,  265 

3.4 

210  , 

4.8 

775 

6.2 

1,515 

7.6 

2,415 

3.6 

275 

5.0 

875 

6.4 

1,625 

7.8 

2,565 

Estimated  tnonthly  discharge  of  Solomon  River  at  Beloit,  Kansas. 
[Drainage  area,  5,539  square  miles.] 


Month. 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Run-off. 

Maxi- 
niiim. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1897. 

January   

225 

16 

130 

8,  024 

0.027 

0.023 

February   

387 

20 

193 

10,  724 

0.036 

0.  035 

March  

312 

92 

227 

13, 933 

0.047 

0.  041 

April  

7, 470 

180 

663 

39,  463 

0.133 

0. 120 

May  

368 

18 

150 

9,  254 

0. 031 

0. 027 

June  

6, 400 

19 

1, 377 

81,  913 

0. 278 

0.249 
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JAN. 
10  20 

F£B 

10  20 

MARCH 

10  20 

APRIL 
10  20 

MAY 

10  20 

JUI4C 
10  20 

JULY 
10  20 

AUG. 
10  20 

SEPT 
10  20 

OCT. 
10  20 

NOV. 
to  20 

OE.C. 
10  20 

1 

[ 

1 

k 

1 

In 

1 

-V 

? 

9£ 

a 

>/) 

o 

1U9. — Uiscbarge  ot  Soloiuou  lUver  at  JJoluit,  Kansas,  1897. 
Eating  table  for  Solomon  River  at  Xiles,  Kansas,  for  1897. 


Gage 
height. 

 '■ — 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feel. 

4.2 

60 

6.8 

380 

9.4 

974 

15.0 

2,  450 

4.4 

65 

7.0 

412 

9.6 

1.000 

15.5 

2,  610 

4.6 

86 

7.2 

447 

9.8 

1,040 

16.0 

2.  775 

4.8 

103 

7.4 

482 

10.0 

1,080 

16.5 

2,  960 

5.0 

124 

7.6 

518 

10.5 

1,200 

17.0 

3, 145 

5.2 

148 

7.8 

560 

11.0 

1, 325 

17.5 

3,  358 

5.4 

174 

8.0 

600 

11.5 

1,  455 

18.0 

3,  575 

5.6 

200 

8.2 

642 

12.0 

1,  ,585 

18.  5 

3,  795 

5.8 

230 

8.4 

696 

12.5 

1,725 

19.0 

4,030 

6..0 

260 

8.6 

750 

13.0 

1,  850 

19.5 

4,  257 

G.2 

290 

8.8 

800 

13.5 

2,  000 

20.0 

4,  500 

6.4 

.320 

9.0 

853 

14.0 

2, 150 

20.5 

4,  757 

6.6 

350 

9.2 

913 

14.5 

2.  300 
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Estimated  monthly  discharge  of  Solomon  Hirer  at  Xilea,  Kansas. 
[Drainage  area,  6,815  square  miles.] 


Month. 

Dischar 


in  second-feet. 

Total  in  acre- 

fnnf 
loot. 

Run-off. 

Maxi- 
mum. 

Mini- 
mviin. 

Mean. 

Depth  in 
inches. 

Second- 
feet  i)er 
square 
mile. 

1897. 

May   

669 

161 

267 

16,  411 

0.  045 

0.  039 

June   

4,500 

103 

1,083 

64,  433 

0. 177 

0. 159 

July  

5,380 

215 

838 

51, 551 

0.  142 

0. 123 

August  

320 

108 

193 

11,  892 

0.033 

0.028 

Se[)tember  

200 

65 

106 

6,319 

0. 017 

0.016 

October   

142 

62 

97 

5,  976 

0.  016 

0.  014 

November  

154 

86 

114 

6,784 

0. 019 

0.  017 

December  

161 

60 

100 

6, 124 

0.  017 

0.  015 

JAN 
10  20 

FE  B 
10  20 

M  A,RCH 
10  20 

APRIL 
10  20 

MAY 

10  20 

JUNE 
10  20 

JULY 
10  20 

AUG. 
10  20 

SEPT. 
10  20 

OCT 
10  20 

NOV 
10  20 

DEC 
10  20 

-j 

1 

1 

?£ 

CC 

»>? 

3 

I 

7 

k 

S«c.-ft. 
6.000 

5,  000 


3,000 
2,000 


Fig.  110.— Discharge  of  Solomon  River  at  Niles,  Kansas,  1897. 


SALINE  RIVER. 

The  old  gaging  station  at  Beverly,  on  the  Saline  River,  described 
in  Water-Supply  and  Irrigation  Pa[)er  No.  16,  p.  112,  was  also  discon- 
tinued .June  -JO,  1897,  on  account  of  the  poor  section.  A  station  at 
Salina  was  established  May  4,  1897,  just  above  the  mouth  of  the  river, 
which  takes  the  place  of  the  Beverly  station.  A  description  of  this 
station  will  be  found  in  Water-Supjily  and  Irrigation  Paper  No.  16, 
p.  113. 


344  PROGRESS  OF  STREAM  MEASUREMENTS  FOR  1897. 


Eating  table  for  Saline  liiver  at  Beverly,  Kansas,  for  1897. 


G  ape 
height. 

Discharge. 

Gage 
heiglit. 

1 

Discharge. 

Gage 
height. 

Discharge.  ^ 

Gage 
height. 

Discharge. 

Feet. 

Second  feet. 

Feet. 

Second-feet. 

Feet. 

Second-feel. 

Feet. 

Second-feet. 

3.7 

12 

4.5 

45 

.5.3 

138 

6.2 

250 

3.8 

14 

4.6 

53 

5.4 

150 

6.4 

276 

3.9 

17 

4.7 

67 

5.5 

162 

6.6 

302 

4.0 

20 

4.8 

79 

5.6 

174 

6.8 

326 

4.1 

23 

4.9 

90 

5.7 

186 

7.0 

350 

4.2 

27 

5.0 

102 

5.8 

198 

4.3 

32 

5.1 

114 

5.9 

211 

4.4 

38 

5.2 

126 

6.0 

224 

Estimated  monthly  discharge  of  Saline  River  at  Beverly,  Kansas. 
[Drainage  area,  2,730  square  miles.] 


Month. 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Run-off. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1897. 

January   

108 

17 

48 

2,  927 

0.020 

0.017 

243 

27 

73 

4,054 

0. 027 

0.  026 

67 

32 

46 

2, 835 

0.  019 

0.017 

626 

49 

192 

11,  424 

0.  078 

0. 070 

May  

357 

53 

146 

8,953 

0.061 

0. 053 

June  

all,  000 

38 

452 

26,  920 

0. 185 

0. 166 

a  Approximate. 
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Sec.-h. 
12,  000 

11.000 

10,000 

9,  000 
8,000 
7,  000 
6,  000 
5,  000 
4.  000 
3,  000 
2,000 
1.000 
0 


JAN 

10  20 

FEB 

10  20 

MARCH 

10  20 

APRI  L 
10  20 

MAY 

10  20 

JUNE 
10  20 

JULY 
10  20 

AUG. 
10  20 

SEPT. 
10  20 

OCT. 
10  20 

NOV 

10  20 

DEC. 
ro  20 

1 

1 

- 

i 

m 

; 

- 

A 

0 

a 

EC 

0/ 

iO 

Fig.  111.— Discharge  of  Saline  River  at  Beverly,  Kansas,  1897. 
Ratimf  table  for  Saline  River  at  Salina,  Kansas,  for  1897. 


Gaee 
beignt. 

Bischarge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
heignt. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

2.8 

26 

3.8 

76 

4.8 

139 

5.8 

215 

2.9 

31 

3.9 

82 

4.9 

146 

5.9 

224 

3.0 

36 

4.0 

88 

.5.0 

153 

6.0 

233 

3.  1 

41 

4.  1 

94 

5.1 

160 

6.2 

251 

3.2 

46 

4.2 

99 

5.2 

167 

6.4 

270 

3.3 

51 

4.3 

105  ' 

.5.3 

175 

6.6 

292 

3.4 

55 

4.4 

111 

5.4 

183 

6.8 

314 

3.5 

59 

4.5 

118 

5. 5 

191 

7.0 

335 

3.6 

65 

4.6 

125 

5.6 

198 

3.7 

70 

4.7 

132 

5.7 

206 

I 


346  PROGHESS  OF  STREAM  MEASUfiEMENTS  FOR  1S97. 


EBlvmaied  movfhly  dixcharge  of  Saline  liiver  at  Salina,  Kansax. 
[Drainage  area,  3,311  square  miles.] 


Moutb. 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Run-off. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
.square 
mile. 

1897. 

May   

335 

79 

147 

9,039 

0.051 

0.  044 

Jnne  

a  4.  400 

51 

256 

15.  203 

0.  085 

0.077 

July  

a  685 

36 

83 

5,  104 

0.  028 

0.  025. 

Augiist  

381 

28 

74 

4,532 

0. 025 

0.  022 

September  

57 

20 

30 

1,803 

0.010 

0.  009 

October  

70 

16 

32 

1,955 

0.  Oil 

0.010 

November  

48 

26 

38 

2,  279 

0. 013 

0.  012 

December  

46 

28 

♦ 

41 

2,  521 

0.  014 

0.  012 

a  Approximate. 


JAN 
10  20 

FEB 
10  20 

MARCH 
10  20 

APRl  L 
10  20 

MAY 

10  20 

JUNE 
10  20 

JULY 
10  20 

AUG 
10  20 

SEPT 
10  20 

OCT 
10  20 

NOV 
10  20 

DEC 
10  20 

O 

R 

EC 

0/ 

_ 

1 

Fig.  112. — Discharge  of  Saline  River  at  Salina,  Kansas,  1897. 
SMOKY  HILL  RIVER. 

The  only  gaging  station  on  Smoky  Hill  Eiver  itself  is  located  at 
Ellsworth,  Kansas,  and  observations  were  continued  through  1897  at 
that  point.  The  station  is  described  in  Water-Supply  and  Irrigation 
Paper  No.  16,  p.  114. 


Hating  table  for  Smoky  Hill  River  at  Ellsworth,  Kansas,  for  1S97. 


Gage 
height. 

Discharge. 

i  Gage 
heignt. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet . 

Feet. 

Second-feet. 

0.9 

10 

1.4 

77 

1.9 

190 

2.4 

324 

1.0 

15 

1.5 

97 

2.0 

213 

2.5 

353 

1.1 

22 

1.6 

118 

2. 1 

2J0 

2.6 

385 

1.2 

35 

1.7 

142 

2.2 

267 

1.3 

58 

1.8 

164  ' 

2.3 

295 
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Estimated  monfhh/  discharge  of  Smoky  Hill  Itiver  at  Ellsworth,  Kansas. 


[Drainage  area,  7,980  square  luiles.] 


Month. 

Discharge  in  second-feet. 

Total  in  jicry- 
feet. 

Run-off. 

Maxi- 
mum . 

Mini- 
mum. 

Meau. 

Dei)th  in 
inches. 

Second- 
fee  t  per 
square 
mile. 

1897. 

January  

153 

22 

68 

4,  198 

0.010 

0.008 

.  Februarv   

213 

35 

122 

6,  798 

0.016 

0.015 

March  

77 

22 

35 

2, 164 

0. 005 

0. 004 

April  

385 

35 

158 

9,  401 

0.  022 

0.  020 

Mav  

385 

87 

173 

10,  624 

0.  025 

0.022 

Juue  

240 

35 

87 

5, 153 

0.  012 

0.011 

July  

97 

19 

38 

2,336 

0.  OOti 

0. 005 

AufTUst  

295 

15 

95 

5,854 

0. 014 

0. 012 

September  

130 

15 

40 

2, 386 

0.006 

0. 005 

October   

97 

10 

32 

1,949 

0. 005 

0. 004 

77 

15 

38 

2,  285 

0.  ro5 

0.005 

December  

107 

19 

38 

2,  337 

0. 006 

0. 005 

The  year  ^ 

385 

>0 

77 

55,  485 

0.132 

0. 010 

JAN 

10  20 

( 

1 

E8 

0  ?0 

MARCH 

10  20 

APRI  L 

10  20 

MA 

10  2 

r 

0 

JUNE 

10  20 

J  U  LY 
10  20 

AUG 

10  20 

SE  PT 
10  20 

C 

1 

)CT 
0  20 

NOV 

10  20 

DEC 
10  20 

1 — 

— 1 
— 1 

1 — 1 

_ 

- 

Fig.  lia.— Discliarge  of  .Smoky  Hill  River  at  Ellsworth,  Kaii.sas,  1897. 


BLUE  RIVER. 

This  stream  is  one  of  the  principal  tributaries  of  Kansas  River  and 
drains  i)art  of  southeastern  Nebraska  and  northeastern  Kansas.  Its 
northern  tributaries  extend  almost  to  Platte  Kiver.  The  drainage  basin 
receives  copious  rainfall,  and  therefore  the  run-off  from  the  basin  is 
largci-  than  from  the  waterslieds  of  the  more  western  tributaries  of  tlie 
main  river.  The  gaging  station,  located  at  Manhattan,  on  this  river, 
is  described  in  Water-Sup[)ly  and  Irrigation  Paper  No.  IG,  j).  115. 
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Hating  table  for  Blue  River  at  Manhattan,  Kansas,  for  1897. 


heiglit. 

Diacbarge. 

Gage 
height. 

Discharge, 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

2.0 

180 

{  4.8 

930 

7.6 

2,  480 

14.0 

10,  448 

2.2 

200 

5.0 

1,010 

7.8 

2,  620 

14.5 

11,  388 

2.4 

220 

5.2 

1, 100 

8.0 

2,  760 

15.0 

12,  328 

2.  6 

250 

5. 4 

1,  200 

8. 5 

3, 125 

Ifi  0 

14  '>08 

2.8 

280 

5.6 

1,300 

9.0 

3,  520 

17.0 

16,  088 

3.0 

320 

5.8 

1,400 

9.5 

4,000 

18.0 

17,  968 

3.2 

360 

6.0 

1,500 

10.0 

4, 500 

19.0 

19,  848 

3.4 

410 

6.2 

1,  600 

10.  5 

5,  030 

20.0 

21,  728 

3.6 

470 

6.4 

1,700 

11.0 

5,610 

21.0 

23,  608 

3.8 

540 

6.6 

1,810 

11.5 

6,  280 

22.0 

25,  488 

4.0 

610 

6.8 

1,930 

12.0 

7,000 

23.0 

27,  368 

4.2 

690 

7.0 

2,060 

12.5 

7,  755 

24.0 

29, 248 

4.4 

770 

7.2 

2,  200 

13.0 

8,  580 

25.0 

31, 128 

4.6 

850 

7.4 

2,  340 

13.5 

9, 508 

26.0 

33,  008 

Estimated  monthly  discharge  of  Blue  River  at  Manhattan,  Kansas. 


[Drainage  area,  9,490  square  miles.] 


Discharge  in  second-feet. 

Run-off. 

Month. 

Total  in  acre- 
feet. 

Second- 

Maxi- 

Mini- 

Mean. 

Depth  in 

feet  per 

niiini. 

mum. 

inches. 

square 

mile. 

1897. 

January  

1,300 

610 

965 

59,  335 

0.  12 

0. 10 

February  

2,  200 

610 

1,228 

68,  200 

0. 14 

0.13 

March  

2, 165 

870 

1,  434 

88, 174 

0.  17 

0.  15 

April  

32, 256 

1,  200 

7, 935 

472, 166 

0. 93 

0. 84 

May  

4,815 

1,  375 

2,232 

137,  240 

0.  28 

0.  24 

June  

20,  694 

810 

2,  966 

176, 490 

0. 35 

0. 31 

Jnly  

8, 158 

1,010 

2,  555 

157, 100 

0.  31 

0. 27 

August   ... 

3, 392 

890 

1,698 

104,  405 

0.21 

0. 18 

September  

970 

210 

578 

34,  395 

0.  07 

0. 06 

October  

770 

320 

561 

34, 494 

0.  07 

0.  06 

November  

810 

505 

681 

40,  523 

0. 08 

0.07 

December  

850 

610 

730 

44,  886 

0.09 

0.08 

The  year  

32,  256 

210 

1,964 

1,  417, 408 

2.  82 

0.21 
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JAN. 
10  20 

fe6. 

10  20 

MARCn 

10  20 

A  PR  1  L 

10  20 

MAY 

10  20 

JUNE 

10  20  , 

J  U  LY 
10  20 

AUG. 
10  20 

SEPT. 
10  20 

OCT 
10  20 

NOV 

10  20 

DEC. 
10  20 

s  ;> 

4  ^; 

— 

1 

i 

t 

i 

IPV 

1 

niiiiiin 

1 

Sec.-ft. 
12.  000 

11,  000 

10,  000 
9,  000 
8,  000 
7,  000 
6.  000 
5,  000 
4,000 
3,  000 
2,  000 
1,  000 
0 

FiQ.  114.— Discharge  of  Blue  Eiver  at  Manhattan,  Kansas,  1897. 
KANSAS  RIVER. 

A  gaging  station  on  the  main  Kansas  River  is  located  at  Lawrence, 
Kansas,  at  which  the  measurements  have  been  continued  throughout 
the  year,  as  shown  in  the  accompanying  tables.  The  field  work  here 
during  1897  will  be  found  described  in  Water-Supply  and  Irrigation 
Paper  No.  16,  p.  116. 

Rating  table  for  Kansas  Either  at  Lawrence,. Kansas,  for  1897.  (a) 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

I 

Discharge. 

Gage 
heigut. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second  feet. 

Feel. 

Second-feet. 

Feet. 

Second-feet. 

0.0 

787 

—0.5 

682 

—1.0 

632 

—  1.5 

582 

—0.  1 

737 

—0.6 

672 

—1.1 

622 

—1.6 

572 

—0.2 

712 

—0.7 

662 

—1.2 

612 

—1.7 

562 

—0.3 

702 

—0.8 

652 

—1.3 

602 

—1.8 

552 

—0.4 

692 

—0.9 

642 

—1.4 

592 

-1.9' 

542 

a  For  gage  readings  above  zero  use  rating  table  for  189G,  published  in  Eighteenth  AnnualKeport, 
Part  IV,  p.  221. 
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Estimated  monthly  dischanjc  of  Kansas  liiver  at  Lawrence,  Kannas. 
[Drainage  area,  59,841  square  miles.] 


>>1  Ull  LM . 

Discharge  in  secoiul-fcet. 

Eun-olf. 

Maxi- 
11111  m. 

Mini- 
mum. 

Mean. 

Total  in  acre- 
feet. 

Depth  in 
inches. 

Second- 
lee  t  per 
scjnare 
mile. 

1897. 

January   - 

2,  687 

967 

2,137 

131,  399 

0. 040 

0.  035 

Febriiaiv  

11,  440 

1, 643 

4,  720 

262, 136 

0.082 

0.  079 

March  

5,  837 

2,  687 

3,515 

216, 130 

0.  068 

0.  059 

April  ...   

58,  000 

4, 035 

13,  782 

820,  085 

0.  256 

0.  230 

May  

14,  890 

3,327 

5,  907 

363,  200 

0.114 

0.099 

June  

32,  290 

2,  395 

7,  321 

435,  630 

0. 136 

0. 122 

July  

39, 000 

2, 998 

10,  420 

640,  700 

0. 201 

0. 174 

August'.  

5,623 

897 

2,  904 

178, 560 

0.056 

0.  049 

September  

1,255 

715 

969 

57,  660 

0. 018 

0.016 

October  

1,872 

787 

1, 156 

71,  080 

0. 022 

0,  019 

November  

2,  687 

662 

1,927 

114,  664 

0. 036 

0.  032 

December  

1,  255 

562 

775 

47,  652 

0. 015 

0. 013 

The  year  

58,  000 

562 

4,  628 

3,  338,  896 

1.044 

0.  077 

JAN 
10  20 

FEB 

10  20 

MARCH 

10  20 

APR!  L 
10  20 

■"ViAy  ■ 

10  20 

JUNE 

10  20 

JULY 
10  20 

AUG. 

10  20 

SEPT. 
10  20 

OCT. 
10  20 

NOV. 
10  20 

DEC 
10  20 

< 

1 1 
i  1 

<5 
") 

o 
o 

C5 

< 
« 

**! 

tv 

<1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

s«-.-tt. 
24,  (IOC 

22, 00i> 

20, 00(1 

18,  000 

16,  00(1 

14,00(1 

12,  000 

10, 000 

8,  000 

6,  000 

4,  000 

2.  000 


1" 


Flu.  115.— Discharge  ul'Kausaa  Kiver  at  Lawrence,  Kansas,  1897. 
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List  of  miacellaneous  discharge  iHeasuremenis.  Kanaas  Basin. 


Date. 

Stream. 

Locality. 

Meter 
number. 

Gage 
heignt. 

Area  of 
section. 

Mean 
velocity. 

Dis- 
charge. 

1897. 

Feet. 

Sq.feet. 

Fvet  per 
second. 

Sec. feet. 

Apr.  12 

Mill  Kace  .... 

Superior, 
braska. 

No- 

Price , 

57 

1.03 

59 

Apr.  13 

Repu  b  1  i  (•  an 
IJiver. 

McCook, 

Ne- 

...  do 

284 

2. 62 

745 

biaska. 

Apr.  14 

Fre  u  c  li  111  a  n 
River. 

Wanneta, 
braska. 

Ne- 

. .  do  . . 

2.  31 

37 

3.43 

128 

May  19 
July  2 

 do  

 do... 

do  .. 

2.00 

41 

1.61 

.i5 

 do  

Palisade, 

Ne- 

.  ..do 

65 

0. 95 

63 

braska. 

Aug.  14 

Saline  River.. 

Russell,  1> 
sas. 

^an- 

55 

37 

2. 80 

103 

ARKAXSAS  BASIN. 
ARKANSAS  RIVER. 

Arkansas  River  is  a  typical  stream  of  the  arid  region,  having  a 
mountainous  catchment  area  and  traversing  a  high  plain  area  adapted 
to  irrigation  and  through  which  the  river  decreases  gradually  in  dis- 
charge until,  during  the  low  season,  ijt  finally  disappears  altogether  in 
places.  It  is  an  interesting  basin  to  study  on  account  of  the  many 
hydrographic  problems  that  are  i)rcseiited.  The  mountainous  section 
maybe  said  to  extend  from  the  upper  limit  at  Tennessee  Pass  down  to 
the  city  of  Canyon,  where  the  river  emerges  from  its  canyon  to  enter 
upon  the  plains.  The  area  drained  above  this  point  is  3,000  S([uare 
miles.  This  section  is  in  reality  a  long  narrow  valley  located  in  the 
central  part  of  Colorado,  surrounded  by  high  mountains  rising  from 
12,000  to  14,»t00  feet  in  elevation.  The  river  itself  makes  a  descent  from 
10,000  feet  at  Leadville  to  5,300  feet  at  Canyon  in  120  miles.  Its  char- 
acter in  this  division  of  its  course  is  torrential.  I'^uther  eastward  this 
grade  is  gradually  lessened  until  finally  the  river  wanders  back  and 
forth  in  long,  sinuous  curves.  Little  irrigation  is  practiced  above 
Canyon,  but  at  the  mouth  of  the  canyon  several  canals  are  taken  out, 
and  at  short  intervals  down  the  river  through  Colorado  other  canals 
divert  the  flowing  water.  On  account  of  the  shortage  of  water  in  the 
river  when  it  is  most  needed,  recourse  must  be  had  in  the  near  future  to 
artificial  storage.  The  mountainous  drainage  area  offers  many  facilities 
fortius  purpose,  a  number  of  excellent  reservoir  sites  having  been  found 
and  reported  by  the  topographers  and  engineers  of  the  Geological 
Survey.    On  the  upper  tributaries  of  Arkansas  IJiver  above  Leadville  a 
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number  of  tine  sites  were  fouud,  but  their  development  will  not  be  nec- 
essary on  account  of  the  superior  site  at  Twin  Lakes.  This  reservoir 
site  was  surveyed  in  1889,  and  the  results  were  published  in  the  Thir- 
teenth Annual  Keport  of  the  United  States  Geological  Survey,  Part  III, 
p.  365.  The  elevation  of  the  surface  of  the  lower  lake  is  9,11)4  feet 
and  of  the  upper  lake  9,200  feet.  The  levels  of  the  lakes  do  not  vary 
more  than  2  feet  during-  tlie  year.  A  dam  placed  at  the  lower  outlet  at 
a  maximum  height  of  73  feet  would  impound  103,500  acre-feet.  The 
drainage  area  is  102  square  miles.  The  flow  into  the  reservoir  could  be 
supplemented  by  a  short  canal,  not  more  than  4  miles  long,  diverting 
water  from  Arkansas  liiver  at  what  is  known  as  Hayden  station,  G  miles 
above  Granite:  the  area  drained  above  this  point  is  285  square  miles. 
Within  the  last  year  or  so  private  parties  have  been  considering  this 
proposition. 

The  plains  region  east  of  the  mountains  is  a  large  artesian  basin, 
very  thoroughly  described  by  Mr.  G.  K.  Gilbert.'  The  source  of  water 
supply  is  in  a  series  of  beds  of  Dakota  sandstone,  often  separated  by 
thin  beds  of  shale,  which  underlie  the  region.  The  collecting  area  is 
where  these  sandstones  appear  at  the  surface  or  are  covered  by  super- 
ficial sands.  This  area  is  in  two  portions.  First,  a  line  of  hogbacks 
which  are  in  a  general  parallel  direction  to  the  Rocky  Mountains  and 
extend  from  about  Colorado  Springs  down  to  the  canyon  of  Turkey 
Creek,  thence  eastward  through  Glendale  to  a  point  a  little  northeast 
of  Canyon,  where  the  ridge  bends  to  the  southeast,  continues  down 
nearly  to  Beulah,  and  from  there  to  the  Three  li  ranch.  The  second 
collecting  area  consists  of  a  number  of  detached  areas  of  Dakota  sand- 
stone in  the  outlying  plain.  Thfe  line  of  ridges  known  as  the  hogbacks 
are  separated  from  the  main  ridge  of  the  llockies  by  a  series  of  narrow 
valleys,  sufficient,  however,  to  cut  off  from  the  Dakota  sandstone  the 
drainage  from  the  mountains,  so  that  the  rainfall  on  the  area  is  the 
only  water  that  these  beds  receive.  The  number  of  artesian  wells  sunk 
shows  the  existence  of  such  a  basin.  Eastward  from  the  source  of 
sujjply  these  wells  increase  in  depth.  The  contour  of  1,000  feet  depth 
is  iu  the  southwestern  end  of  the  city  of  Pueblo,  and  extends  thence 
northeasterly.  In  the  opposite  direction  the  line  continues  southerly 
from  Pueblo  until  it  reaches  St.  Charles  River,  and  then  bears  more 
to  the  southeast.  In  the  Pueblo  folio,  above  referred  to,  one  of  the 
sheets  shows  by  shaded  sections  areas  that  will  yield  ilowing  wells, 
areas  that  will  probably  yield  pumping  wells,  areas  that  will  probably 
not  yield  water  freely,  and  areas  not  containing  artesian  water.  On 
the  same  map  is  shown  by  contour  lines  the  depth  from  the  surface  down 
to  water. 

A  number  of  gaging  stations  have  been  maintained  on  the  river; 
the  longest  record  is  that  at  Canyon,  dating  from  1889.    The  upper 


1  Underground  -waters  of  the  Arkansas  Valley  in  eastern  Colorado,  by  G.  K.  Gilbert :  Seventeenth 
Ann.  Kept.  U.  S.  Geol.  Survey,  Tart  II,  1896,  p.  551.    Geologic  Atlas  U.  S.,  folio  36,  Pueblo,  Colo.,  1897. 
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station  at  whicli  measurements  Trere  made  darings  tlie  last  yesir  was  at 
Graiiito.  immediately  below  the  outlet  of  Twin  Lakes.  Observations 
of  gage  heights  at  this  point,  as  well  as  at  Salida,  were  maintained  by 
the  Denver  and  Kio  Grande  Railway  Company  at  the  request  of  this 
ofhce.  Canyon  station  is  an  important  one,  as  it  is  located  at  the 
mouth  of  the  canyon  above  most  of  the  canals.  In  fact,  only  two  canals 
are  taken  out  above  tlie  station,  and  as  they  are  easily  accessible  they 
can  be  measured  whenever  the  station  is  visited.  For  the  field  work 
in  1897  at  the  stations  (iranite,  Salida,  and  Canyon,  reference  may  be 
made  to  Water  Supply  and  Irrigation  Paper  No.  IG,  pp.  117-119. 

The  next  lower  gaging  station  is  located  in  the  city  of  Pueblo,  and 
results  show  the  amount  of  water  available  for  the  canals  below.  A 
description  of  this  station,  list  of  discharge  measurements,  and  table 
of  gage  heights  are  found  in  Water-Supply  and  Irrigation  Paper  No.  16, 
p.  120. 

A  short  record  was  kept  of  the  height  of  the  river  at  Nepesta  and  at 
Eocky  Ford.  At  the  former  station  the  record  is  from  September  19 
to  October  16.  A  rating  table  has  been  made  from  the  discharge  meas- 
urements and  published.  Owing  to  the  shortness  of  the  gage  record, 
the  monthl}'  averages  are  omitted.  The  station  is  described  in  Water- 
Supply  and  Irrigation  Paper  No.  16,  p.  121. 

At  Kocky  Ford  the  only  discharge  measurement  was  on  September 
29:  gage  height,  O.M  foot;  discharge,  140  second-feet.  The  station  is 
described  in  Water-Supply  and  Irrigation  Paper  No.  16,  p.  122. 


Bating  table  for  Arkansas  River  at  Granite,  Colorado,  for  1897. 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
Height. 

Discharge. 

Feet. 

Second-feet.  ^ 

Feet. 

Seeoiid-feet. 

Feet. 

Heeond-feet. 

Feet. 

Second-feet. 

3.0 

114 

3.9 

615 

4.8 

1,  233 

5.7 

1,8.52 

3.1 

154 

4.0 

683 

4.9 

1,  302 

5.8 

1,  920 

3.2 

198 

4.1 

752 

5.0 

1,  370 

.5.9 

1,989 

3.3 

244 

4.2 

820 

5. 1 

1,438 

6.0 

2,058 

3.4 

294 

4.3 

889 

5.2 

1,507 

6. 1 

2, 127 

3.5 

350 

4.4 

957 

5.3 

1,576 

(i.2 

2, 196 

.3.6 

412 

4.5 

1.026 

5.4 

1,645 

3.7 

478 

i 

4.6 

1,096 

5.5 

1,714 

i  3.8 
1 

546 

4.7 

1,164 

.5.6 

1 

1,  783 
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Estiviated  monthly  diacharye  of  Arkansas  River  at  Granite,  Colorado. 


[Drainage  area,  425  square  miles.] 


Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Ran-ofi'. 

Houtli. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1897. 

May   

2,058 

268 

1, 109 

68,  190 

3.  01 

2.  61 

2, 162 

923 

1,  459 

86, 817 

3.83 

■A.  43 

July  

1,  096 

444 

719 

44, 209 

1.95 

1.69 

August  

546 

176 

350 

21, 520 

0. 94 

0.S2 

September  

350 

114 

169 

10, 057 

0. 45 

0.40 

October  

114 

114 

114 

7,  009 

0. 31 

0.  27 

November  

flll5 

6,  843 

0. 30 

0. 27 

a  115 

7, 071 

0. 31 

0.  27 

a  Approximate. 


Bating  tahle  for  Arkansas  Biver  at  Salida,  Colorado,  for  1897. 


Gage 
lieight. 

Discliarge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discliarge. 

Feet. 

Spcond/eet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

0.6 

275 

1.4 

620 

2.4 

1,420 

3.4 

2,  270 

0.7 

300 

1.6 

750 

2.6 

1,  590 

3.6 

2.  440 

0.8 

325 

1.8 

910 

2.8 

1, 760 

3.8 

2,610 

0.  it 

360 

2.0 

1,080 

3.0 

1,930 

4.0 

2,  780 

1.0 

400 

2.  2 

1,  2.50 

3.2 

2,  100 

4.2 

2,  950 

1.2 

500 

i 
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Estimated  monthly  discharge  of  AHannas  liiver  at  SaHda.  Colorado. 
[Uraiaagc  area,  1,160  square  niile.s.] 


Month. 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Run-off. 

Maxi- 
mam. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Secoiid- 
foet  per 
square 
mile. 

1897. 

May  

2,907 

500 

1,  646 

101,210 

1.  61 

1.42 

June  

2,  865 

1, 165 

1,839 

109,  430 

1.  77 

1.59 

July  

1,  462 

530 

985 

60, 565 

0. 98 

0.85 

Auj^ust  

715 

400 

518 

31,  850 

0.  52 

0.  45 

September  

425 

360 

397 

23,  625 

0.  38 

0. 34 

October  

342 

287 

289 

17,  770 

0.29 

0.25 

November  

a  300 

17, 851 

0.29 

0. 26 

a300 

18,  446 

0.  30 

0.26 

o  Approximate. 


JAN. 
10  20 

FEB. 
10  20 

MARCH 

10  20 

APRI  L 
10  20 

MAY 

10  20 

JUNE 
10  20 

JULY 
10  20 

AUG. 
10  20 

StPT. 
10  20 

OCT 
10  20 

NOV. 
10  20 

DEC. 
10  20 

Gi 

<M 

Tl 

i 

A 

O 

/? 

ec 

O' 

JO 

i 

i 

a 

a 

a 

S. 

n 

A 

t 

i 

1 

A 

0 

/? 

fC 

o* 

w 

^rmiilllllQIIQI 

Str.-ft. 

5,  (XtO 
4,000 
3,000 
2, 000 
1,  000 

0 

6,  00(J 
5,  000 
4,  000 
3,  000 
2, 000 
1,000 

0 


a  Approximate. 

Fio.  110.— Discharge  of  Arkansas  River  at  Granite  and  Salida,  Colorado,  1897. 
liaixny  table  for  Arkansais  liiver  at  Canyon,  Colorado,  for  1897. 


Gage 
Ixight. 

Discharge. 

1 

i  (iage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

(iage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

2.0 

210 

1  3.0 

620 

4.0 

1,628 

5.0 

2,  768 

2.2 

265 

.3.2 

790 

I.  ■> 

1,  8.56 

.5.2 

2,  996 

2.4 

335 

3.4 

980 

1.  1 

2,  0H4 

.5.4 

3,  22 1 

2.6 

410 

3.6 

1,  180 

1.6 

2,  312 

5.6 

3,  152 

2.8 

L 

500 

,  3.8 

1,400 

1.8 

2, .".  1(» 

1 
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Estimated  monthly  discharge  of  Arkansas  liii  er  at  Canyon,  Colorado. 
[Drainage  area,  3,060  square  miles.] 


Month. 


1897. 
January  . . . 
February  .. 
Marcli   


Discharge  in  second-feet. 


Maxi- 
mum. 


Mini- 
mum. 


Mean. 


Total  in  acre- 
I  feet. 


Runoff. 


April  

530 

230 

Mav   

3,  281 

500 

June  

3,  395 

1,628 

July  

1,  799 

500 

August   

1,  180 

335 

September  

410 

335 

October  

620 

370 

November  

620 

370 

December  

The  year . 


380 
380 
380 
320 
741 
464 
115 
553 
366 
471 
519 
400 


23,  365 
21, 105 
23,365 
19,  041 

107,  050 
146,  618 
68,  560 
34,  002 
21,  778 
28,  9(i0 
30,  883 

24,  595 


Second- 
Depth  in  1   feet  per 
incites.  square 
inch. 


757 


549, 322 


0.14 
0. 12 
0. 14 
0.11 
0. 66 
0.90 
0.  41 
0. 21 
0. 13 
0. 17 
0. 19 
0. 15 


3. 33 


0. 12 
0. 12 
0.12 
0. 10 
0. 57 
0.81 
0. 36 
0. 18 
0. 12 
0. 15 
0. 17 
0. 13 


0. 25 


a  Approximate. 

Bating  table  for  Arkansas  Elver  at  Pueblo,  Colorado,  for  1897. 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Seeond-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second  feet. 

0.0 

146 

0.7 

580 

1.8 

1,  506 

3.2 

3, 330 

0.1 

180 

0.8 

654 

2.0 

1,728 

3.4 

3, 610 

0.2 

230 

0.9 

730 

2.2 

1,  970 

3.6 

3, 890 

0.3 

295 

1.0 

806 

2.4 

2,  218 

3.8 

4, 170 

0.4 

365 

1.2 

964 

2.6 

2,  490 

0.5 

486 

1.4 

1, 126 

2.8 

2,  770 

0.6 

508 

1.6 

1,309 

3.0 

3,050 
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Estimated  monthly  discharge  of  Arkansas  River  at  Puehio,  Colorado. 
[Drainage  area,  4,600  square  miles.] 


Discharge  in  second-feet. 

Run-off. 

Maxi- 
mum . 

Mini- 
mum. 

Mean 

Total  i:i  acre- 
feet. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

544 

230 

328 

20, 168 

0.08 

(1. 07 

544 

202 

335 

18,  605 

0.  07 

0. 07 

365 

146 

213 

13, 096 

0. 06 

0.  05 

616 

146 

241 

14,341 

0. 06 

0.05 

3, 470 

580 

1,  674 

102, 930 

0.41 

0. 36 

3,  750 

1,216 

2,  213 

131,  683 

0.54 

0.48 

1,848 

472 

1,  041 

64,  010 

0.  26 

0.  23 

1, 170 

180 

467 

28,  715 

0. 12 

0. 10 

436 

146 

272 

16, 185 

0.  07 

0. 06 

580 

230 

413 

25,  395 

0. 10 

0.09 

580 

365 

484 

28,800 

0. 12 

0. 10 

436 

230 

356 

21, 890 

0.09 

0.08 

3,750 

146 

670 

485,  818 

1.98 

0. 14 

Month. 


1897. 

January  

Febrnary. .. 

March  

April   

May  

Juue  

July  

August  

September  . 

October  

November . . 
December . . 


Jr'iu.  117. — Discbarge  of  Arkaii.tus  liiver  at  Canyon  and  1' 
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EatiiKj  table  for  Arkansas  liiver  at  Ncpesta,  Colorado,  for  1897. 


Gage 
lieignt. 

Disi'.liarge. 

Gape 
height. 

Discharge. 

Gage 
height. 

1 

Discharge. 

Gage 
heigiit. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet.  | 

Feet. 

Second-feet. 

Feet. 

Second  feet. 

1.5 

20 

1.8 

102 

2.1 

200 

2.3 

266 

1.6 

40 

1.9 

134 

2.2 

233 

2.4 

299 

1.7 

69 

2.0 

167 

PURGATORY  RIVER. 

Trinidad  gaging  station  is  located  on  Pnrgatory  River,  a  tributary  of 
Arkansas  Eiver,  which  enters  at  Las  Animas.  This  station  is  described 
in  Water-Supply  and  Irrigation  Paper  No.  16,  p.  123.  A  station  is 
maintained  on  the  lower  Arkansas  River  at  Hutchinson,  Kansas, 
described  in  Water-Supj^ly  and  Irrigation  Paper  jSTo.  16,  p.  124. 


Hating  table  for  Purgatory  Eiver  at  Trinidad,  Colorado. 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

1896— 
May  1  to 
July  23. 

1896- 
Jtily  24  to 
Nov.  30. 

1897. 

1896- 
May  1  to 
July  23. 

1896— 
July  24  to 
Nov.  30. 

1897. 

Feet. 
2.7 
2.8 
2.9 
3.0 
3.1 
3.2 
3.3 
3.4 
3.5 
3.6 
3.7 
3.8 

Sec. -feet. 
0 
15 
30 
45 
60 
75 
95 
130 
200 
300 
420 
600 

Secoiid-feet. 

Second-feet. 

Feet. 
3.9 
4.0 
4. 1 
4.2 
4.3 
4.4 
4.5 
4.6 
4.7 
4.8 
5.0 

1 

Sec-feet. 
780 

Second-feet. 
189 
273 
386 
554 
799 
1,  044 
1,289 

Second-feet. 
189 
273 
386 
554 
799 
1,044 
1,  289 
1,  534 
1,779 
2,023 

10 
15 
30 

54 
85 
127 

0 
25 
60 
120 

2, 513 
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intimated  monthly  discharge  of  Purgatory  River  at  Trinidad,  Colorado. 
[Drainage  area,  742  square  miles.] 


Month. 


Discharge  in  second-feet. 


Maxi 
muni. 


1896. 

May   113 

June   780 

July   4,  600 

August   1,657 

September   554 

October   189 

November   60 

December  


1897. 

January  

February  .. 
March   


December  

The  year . 


Mini- 
mum. 


45 
0 
8 
0 
0 
18 
25 


April   

327 

68 

Mav  

1,412 

327 

June  

1,534 

-189 

Julv  

1,657 

30 

August  

2,  023 

10 

Septeuibcr   

386 

30 

October  

104 

.54 

November  

.-.4 

30 

Mean. 


67 
60 

342 
76 
73 
71 
35 

a  40 


a  40 
rtSO 
«50 
165 
731 
403 
250 
282 
97 
60 
42 
a  35 


184 


Ru 

lolV. 

Total  in  acre- 
feet. 

D«'iith  in 
inches. 

Second- 
feet  per 
.square 
mile. 

4, 120 

0.  10 

0.09 

3,570 

0.09 

0.08 

21, 029 

0. 53 

0. 46 

4,  673 

0. 12 

0. 10 

4,  344 

0.11 

0.10 

4.  366 

0.12 

0. 10 

2,  083 

0.  06 

0. 05 

2, 460 

0.06 

0.05 

2,  459 

0.06 

0.05 

2.  777 

0.07 

0. 07 

3, 074 

0.08 

0. 07 

9, 818 

0. 24 

0.  22 

44, 947 

1. 14 

0. 99 

23,  980 

0.60 

0.54 

15, 372 

0. 39 

0. 34 

17,  339 

0. 44 

0.  38 

5,  772 

0. 14 

0. 13 

3,  689 

0. 09 

0.  08 

2,  499 

0.07 

0.06 

2, 152 

0.06 

0.05 

133, 878 

3.38 

0. 25 

a  Approximate. 
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Fid.  118.— Discharge  of  Purgatory  River  at  Trinidad,  Colorado,  1896  aud  1897. 


ARKANSAS   RIVER  IN  KANSAS. 

Bating  table  for  Arkansas  River  at  Hutchinson,  Kansas,  for  1891 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

1.1 

4 

1.5 

52 

1.9 

177 

2.3 

505 

1.2 

11 

l.H 

73 

2.0 

225 

2.4 

700 

1.3 

22 

1.7 

103 

2.1 

300 

2.5 

1, 000 

1.4 

35 

1.8 

1 

136  1 

2.2 

390 
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Estimated  monthly  discharge  of  Arkansas  River  at  Hutchinton,  Kansas. 
[Drainage  area,  34,OU0  square  miles.] 


Discharge  in  second-feet. 

Kniiofl". 

"MftTl- 

mnm. 

mnm. 

Mean. 

Total  in  acre- 
feet. 

XJC^Jt'll  111 

incbes. 

Second- 

lCt3l« 

square 

D)il6. 

201 

73 

130 

7,  994 

0.004 

0.004 

2.  270 

73 

506 

28, 085 

0.016 

0.  015 

505 

103 

221 

1 Q  i;n7 
lOj  bU  1 

0.008 

0. 006 

390 

103 

235 

14, 001 

0.008 

0.007 

700 

73 

244 

14, 978 

0.008 

0.007 

505 

62 

280 

16, 661 

0.009 

0.  008 

201 

4 

51 

3, 160 

0.002 

0.002 

1,400 

0 

294 

18, 078 

0. 010 

0.009 

225 

4 

60 

3.  594 

0.002 

0.002 

43 

*0 

15 

910 

0.  001 

0. 000 

35 

11 

19 

1, 154 

0. 001 

0.  001 

103 

35 

44 

2,  723 

0.001 

0.001 

2,270 

0 

175 

124,  945 

0.070 

0.005 

Month. 


1897. 

January  

February  . 
March  .... 

April  

May   

June  

July  


September. 
October  . . . 
November  . 
December  . 


The  year 


Sec.-fl. 
3,000 

2,  500 

2,000 

1,500 

1.000 

500 


JAN 

10  20 

FE 

10  1 

a  MARCH 

0     10  20 

APRIL 
10  20 

MAY 

10  20 

JUNE 
10  20 

JULY 
10  20 

AUG. 
10  20 

SEPT. 
10  20 

OCT 
10  20 

NOV. 
10  20 

DEC. 
10  20 

Fig.  119. — Di.scharge  of  Arkanaa.s  River  at  Hutchinson,  Kansas,  1897. 

NEOSHO  RIVER. 

Neoslio  Kiver  (Iraiiis  a  lon<;,  narrow  strip  in  sontlieasterM  Kansas, 
extending  down  into  Indian  Territory.  The  npjier  part  of  the  basin 
has  a  general  east  and  west  dire(;tion,  draining  an  area  immediately 
north  of  the  tribntaries  of  Verdigris  liiver  and  south  of  Kansas  Kiver. 
The  general  direction  of  the  basin  bends  gradually  southward  between 
Emporia  and  lola;  that  direction  is  maintained  the  rest  of  the  course. 
The  mouths  of  Neosho  iiiid  Vcrdigri.s  rivers,  where  they  empty  into  the 
Arkansas  in  Indian  Territory,  are  only  about  half  a  mile  apart.  The 
gaging  station  is  located  at  lola  and  is  described  in  Water-Supply 
and  Irrigation  I'aper  No.  1<>,  j).  IL'O. 
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Rating  table  for  Neosho  River  at  Ida,  Kansas,  for  1897. 


Gage 
heignt. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
heignt. 

Discharge. 

Gage 
'  height. 

Discharge. 

j 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feel. 

1.8 

1 

3.4 

745 

.5.2 

2,800 

11.0 

17,  350 

1.9 

25 

3.6 

920 

5.4 

3, 100 

12.0 

20,  450 

2.0 

50 

3.8 

1,  115 

5.6 

3,  400 

13.0 

23,  .550 

2.2 

105 

4.0 

1,  330 

5.8 

3,  710 

14.0 

26,  650 

2.4 

170 

4.2 

1, 565 

6.0 

4, 150 

15.0 

29,  750 

2.6 

245 

4.4 

1,  715 

7.0 

6,  200 

16.0 

32, 850 

2.8 

340 

4.6 

1,  980 

8.0 

8, 500 

17.0 

35, 950 

3.0 

455 

4.8 

2,  250 

9.0 

11,  200 

1  18.0 

39,  050 

3.2 

590 

5.0 

2,  520 

10.0 

14, 250 

19.0 

i 

42, 150 

Estimated  monthh/  discharge  of  JS'eosho  River  at  lola,  Kansas. 
[Drainage  area,  3,670  square  miles.] 


Discharge  in  second-feet. 

Run-oflf. 

Month. 

Total  in  acre- 

1 

Second- 

Maxi- 

Mini- 

Mean. 

feet. 

Depth  in 

feet  per 

mum. 

mum. 

inches. 

sq  uare 

mile. 

1897. 

January   

920 

105 

531 

32,  650 

0. 167 

0. 145 

February   

3,  970 

395 

1,689 

93, 802 

0. 479 

0. 460 

March  

4,  840 

340 

960 

59, 030 

0. 302 

0. 262 

April   

2, 183 

395 

894 

53, 197 

0.  272 

0.  244 

May   

665 

170 

379 

23,  305 

0. 119 

0. 103 

June  

1, 445 

75 

363 

21,  600 

0. 110 

0.  099 

July  

422 

87 

163 

10, 023 

0.051 

0. 044 

August  

87 

50 

72 

4, 427 

0.023 

0.  020 

September  

62 

1 

9 

536 

0.  002 

0. 002 

October  

1 

0 

1 

62 

0. 000 

0.  000 

November  

1 

1 

1 

60 

0. 000 

0. 000 

December  

1 

1 

1 

62 

0.000 

0.000 

The  year  

4, 840 

0 

422 

298,  754 

1.525 

0. 115 
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S«c.-ft. 
6,000 

5,000 

4.000 

3.  000 

•_>.  000 

1,000 


JAN 

10  20 

FEB 

10  20 

MARCn 

10  20 

APNI  k 

10  20 

MAT 

10  20 

JUNE 

10  70 

JULY 

10  20 

AU6 

10  20 

JtPT 

10  20 

OCT 

10  20  1 

NOV 

10  20 

DEC 
10  20 

1 

u 

1  i 

1 

h 

L 

1 

Fig.  120.— Discharge  of  Neosho  River  at  lola,  Kansas,  1897. 


VERDIGRIS  RIVER. 

The  followinfT  (lesfTiplioii  of  tlie  basin  of  Yerdijiris  Kiver  has  been 
compiled  from  data  furnished  by  Prof.  K.  C.  Muri)hy. 

The  Verdigris  Kiver,  as  shown  in  fig.  121,  rises  in  the  southeastern 
corner  of  Chase  County,  Kansas,  and  fiows  in  a  southerly  direction 
through  Kansas  and  part  of  Indian  Territory,  emptying  into  Arkansas 
Eiver.  Its  length,  as  found  by  measurement  on  the  best  available  ina])S, 
is  290  miles.  It  falls  from  an  elevation  of  1,400  feet  at  its  head  to  700 
feet  at  a  point  about  11  miles  north  of  the  Kansas  and  Indian  Territory 
line,  in  a  distance  of  111  miles.  From  here  to  the  mouth,  a  <listance  of 
148  miles,  it  falls  about  100  feet.  Throughout  its  length  the  river  flows 
in  a  well-defined  channel,  and  the  banks  are  from  20  to  40  feet  high. 
The  width  at  the  ordinary  stage  of  water  at  the  State  line  is  140  feet 
and  at  the  mouth  250  feet.  It  is  essentially  a  surface  run  off  stream; 
its  water  is  muddy,  the  flood  flow  larg*^,  the  summer  flow  small,  and 
the  fluctuations  in  height  rapid. 

The  principal  tributaries  of  A'erdigiis  liiver  are  Fall  Kiver,  Elk 
River,  Caney  Kiver,  and  Bird  Creek.  These  all  enter  the  river  from 
the  west  and  take  a  southeasterly  direction.  The  first  three  rise  in  the 
Flint  Hills,  IJutler  County,  Kansas,  and  the  la.st  in  Indian  Territory. 
Caney  Kiver.  the  largest  of  the  foui',  drains  an  area  of  2,440  scjuare 
miles,  has  a  length  of  140  miles,  and  falls  from  an  elevation  of  1,500 
feet  at  its  head  to  750  feet  near  the  State  line,  a  distance  of  48  miles. 
Fall  Kiver  is  90  miles  long  and  has  a  fall  from  1,500  feet  to  750  feet  in 
43  miles.  It  drains  an  area  of  875  square  miles.  Its  water  is  loss 
muddy  and  its  flow  more  steady  than  that  of  Vcrdigiis  Kiver.  The 
width  near  the  mouth  at  ordinary  low  water  is  75  feet.  Elk  Ki\('r 
drains  an  area  of  GS7  sfpuire  miles.  Its  length  is  70  miles,  and  its  width 
near  the  mouth  at  ordinary  low  water  is  75  feet.  It  falls  from  1,500 
feet  to  750  feet  in  43  miles.  It  is  less  steady  in  its  dis(;harge  than  I^'all 
Kiver,  resembling  the  main  stream  in  this  resj)ect.  Bird  Creek  has  :i 
length  of  85  miles  and  drains  an  area  of  1,340  square  miles. 

The  watershed  <>f  the  Verdigris  has  an  area  of  8,010  acpiare  miles. 
Its  total  l(Migth  is  180  iriiles,  and  its  greatest  width  72  miles.  The 
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Flint  Hills,  in  the  highest  (the  northwestern)  part  of  its  boundary, 
have  an  elevation  of  something  over  1,600  feet.  The  northern  bound- 
ary varies  in  height  from  1,200  to  1,400  feet.  The  eastern  boundary 
falls  from  1,400  to  650  feet,  and  the  western  from  1,600  to  6.50  feet, 
decreasing  toward  the  south.    The  upper  part  is  comj)aratively  rough, 


¥iu.  121. — Map  of  drainage  basin  of  Verdigris  Kiver. 


the  general  fall  toward  the  river  is  25  feet  to  the  mile,  and  the  land 
is  used  for  grazing  purposes.  The  rest  of  the  basin  contains  some 
of  the  best  farming  land  in  the  Mississippi  Valley.  In  some  parts  the 
general  surface  is  broken  by  mounds  having  an  elevation  of  100  to 
250  feet  above  the  general  level.    Such  is  Table  Mound,  6  miles  north- 
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west  of  Independence,  and  the  mounds  near  Fredonia  and  Cherryvale, 
in  Kansas,  and  near  Sageeyali,  Indian  Territory. 

The  I'ollowinj'  table  gives  the  distance  in  miles  between  50-foot  cou- 
tours  along  Verdigris,  Fall,  and  Elk  rivers: 

Distance  betweeen  50-foot  contours  along  Verdigris.  Fall,  niid  i'Jk  rivers. 


Klevation. 

Vcrdifrris 
Uiver. 

run  iviver. 

J^IK  I\  1  %  tyl  . 

Feet. 

Miles. 

MiUs. 

Miles. 

1, 300  to  1.  2.50 

3 

2 

1 

1,  250  to  1.  200 

2 

2 

2 

1, 200  to  1, 150 

7 

3 

2 

1. 150  to  1, 100 

4 

3 

4 

1,  lOf)  to  1.  050 

3 

3 

3 

1.  050  to  1,  000 

7 

6 

3 

1, 000  to  950 

6 

13 

4 

950  to  900 

12 

22 

6 

900  to  850 

30 

19 

6 

850  to  800 

32 

16 

16 

800  to  750 

8 

12 

750  to  700 

2B 

700  to  600 

148 

Fall  River  is  subject  to  more  rapid  rise  than  the  Verdigris.  Mr.  F. 
E.  Morgan,  a  miller  living  near  Fall  Kiver,  reports  that  on  one  evening 
in  September,  1895,  probably  September  8,  there  was  scarcely  enough 
water  to  run  his  mill.  Early  in  the  morning  he  was  awakened  by  the 
noise  of  the  water  and  found  that  the  river  had  risen  20  feet  in  five  or 
six  hours.  During  the  same  flood  the  river  at  Neodesha  was  25  feet 
higher  than  when  the  measurement  on  .Inly  22  was  made  (see  p.  3G1»). 
A  dam  on  this  river,  near  Fredonia,  Kansas,  is  shown  in  IM.  XXXVII, 
B.  Elk  Kiver  is  also  subject  to  sudden  and  extreme  fluctuation  in 
height. 

The  mean  annual  rainfall  over  this  area  varies  along  the  eastern 
border  from  .55  inches  in  the  northern  i)art  to  about  41  inches  in  the 
middle,  in  Montgomery  County,  Kansas,  and  then  decreases  to  36 
inches  at  the  southern  end.  Along  the  western  border  it  is  about  33 
inches.  The  greatest  variation  is  in  the  central  part,  where  there  is  a 
decrease  from  44  inches  on  the  eastern  border  to  33  inches  on  the  west- 
ern. The  monthly  rainfall  at  six  jjlaces  in  or  near  this  watershed  since 
August,  1895,  when  a  gaging  station  on  the  river  was  established,  is 
given  in  the  following  table.    The  greatest  monthly  precipitation  is 
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seen  to  be  12.5  inches,  at  Emporia  in  August,  1895;  the  least  monthly 
precipitation,  0,  at  Tulsa,  in  August,  189G,  and  September,  1897: 


Monthly  rainfall  on  walershed  of  Verdii/ris  Hirer,  in  inches. 
AT  EMPORIA,  KANSAS. 


Year. 

Jan. 

Eeb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept.. 

Oct. 

Nov. 

Dec.  1 

1895 

2.60 
3.  75 
0.70 

12. 45 

3. 50 
3. 50 

8.25 
1.90 
2.50 

0. 15 
3. 55 
1.80 

2.65 
1.50 
T. 

4.25 
0.04 
0.75 

1896 -  - 

1897 -  . 

0.30 
1.25 

0.40 
1.70 

0.65 
1.15 

6.05 
3. 10 

6.20 
1.50 

3.20 
3.00 

AT  GRENOLA.  KANSAS. 

1895  . 

4. 20 
5. 50 
4.62 

5.85 
0. 10 
3.30 

1.60 
3. 10 
1.09 

0.30!  1.70 
4.45  2.25 
1.42j  0.21 

3.35 
0.  35 
1. 15 

1896.. 
1897.. 

0.35 
0.95 

T. 

0. 90 

0.90!  1.65 

3.53  5.77 

1 

1.75 
1.56 

5.  30 
2.98 

AT  INDEPENDENCE.  KANSAS. 

1895 

3. 51 
6.47 
7.03 

5.53 
0.57 
3.52 

6.04    0.29!  2.34 
3.471    4.35  1.35 

0.89    0.99  0.66 

1  ■ 

8.20 
0.63 
1.51 

1896.. 
1897.. 

0. 43 
2. 46 

0.57 
1. 31 

1.84 
3.44 

2.41 
3. 79 

7.20 
1. 23 

3. 46 
3. 97 

AT  TORONTO,  KANSAS. 

1895 

1. 86 
5.  71 
3. 17 

7. 19 
1.  56 
3.  01 

7.  76 
3. 96 
1.90 

0.32 
4.17 
1.15 

2. 56 
1.71 
A).  35 

3.65 
0.  65 
1.06  , 

1896.. 
1897.. 

0.  57 
1.51 

0. 51 
1.06 

1.04 
2. 69 

2.55 
4.06 

8. 05 
1.31 

2.  21 
3. 38 

AT  SEDAN,  KANSAS. 

1895 

6.15 
4.54 
4.06 

5.  33 
0. 72 
3.43 

1 

1. 65    0. 41 

2.86  5.41 
2.12  0.68 
0.19  0.94 

! 

1896.. 
1897.. 

0. 54 
2. 10 

0. 25 
1.07 

1. 55 
4.07 

1.98 
5. 15 

5. 51 
1.84 

5.84 
3.79 

3.48 
1.52 

3.  67 
1.97 

AT  TULSA,  INDIAN  TERRITORY. 

1895 

10. 30 
0.60 
3.72 

2.  20 
0.00 
4.24 

1.90 
1.50 
0.00 

1. 60 
4.60 
1.22 

5.80  7.90 
2.50  0.90 

1.29  1.08 

1 

1896.. 

•  1897.. 

0.  50 
0.  97 

0.30 
2.  40 

1.30 
6.  70 

1. 60 
5.60 

5. 90 
0. 80 

4. 10 
2. 20 

The  rainfall  on  the  watershed  above  the  gaging  station  is  shown  in 
the  accompanying  table.  It  represents  the  mean  of  the  rainfall  at 
Toronto,  (Jrenola,  and  Independence.  The  greatest  mean  monthly  rain- 
fall for  this  part  of  the  watershed  was  0.19  inches,  in  August,  1895; 
the  least,  .30  inch,  in  October,  1895. 
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A.    POINT  OF  MEASUREMENT  ON  VtROIGRIS  RIVER  NEAR  LIBERTY,  KANSAS 


B.    DAM  ON  FALL  RIVER  NEAR  FREDONIA.  KANSAS. 
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Average  rainfall  atid  run-off  on  drainage  basin  of  VerdigriH  Itivcr. 


MEAN  RAINFALL,  IN  INCHES,  AT  TORONTO,  GRENOLA,  AND  INDEPENDENCE. 


!  Year. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

Jnly. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

3. 19 
5. 89 
4.98 

6.19 
0.  74 
3.28 

5. 13 
3.51 
1.29 

0.30 
4. 32 
1.19 

2. 20 
1.77 
0. 41 

5.07 
0. 54 
1.24 

1896.. 
1897.. 

0.  45 
1.64 

0.36  1.26 
1. 09  |3. 22 

2.20 
4.54 

5.67 
1.33 

3.66 
3. 44 

RUN-OFl',  IN  INCHES,  ABOVE  THE  GAGING  STATION. 

1895 

1 

0. 29 
0.02 
0. 01 

2. 15 
0. 03 
0.01 

0.03 
0. 22 
0 

0.03 
0.36 
0 

1.57 
0. 17 

0 

1896.. 
1897.. 

0.25  0.15 

0.32  0.53 

1 

0.09 
0.  81 

0.24 
1.02 

1.56 
0. 47 

0.  79 
0. 19 

0. 63 
0. 15 

RATIO  OF  RUN-OFF  TO  RAINFALL,  IN  PER  CENT. 

1895 

5 

3 

42 
1 

* 

10 

5 
0 

1 

20 
0 

31 
32 
0 

1896.. 
1897.. 

Mean 

56 
20 

42 
50 

7 
25 

11 
22 

28 
35 

22 
6 

10 

3 

38 

46 

16 

17 

32 

14 

6 

3 

14 

5 

7 

21 

The  place  at  which  systematic  measureraeiits  of  discharge  of  Verdi- 
gris Kiver  have  beeu  made  is  McTaggart's  mill,  shown  on  PI.  XXXVIl, 
J.,  about  6  miles  southeast  of  Independence  and  .'i.5  miles  southwest  of 
Liberty.  The  locality  is  more  particularly  described  in  Water-Supply 
and  Irrigation  Paper  No.  on  page  12."),  where  is  given  also  the 
record  of  daily  heights  during  1897  and  a  partial  list  of  discharge 
measurements. 

The  accompanying  list  gives  the  results  of  discharge  measurements 
in  180."),  1890,  and  1897.  There  have  also  been  added  the  results  of 
measurements  on  Elk  and  Fall  rivers.  The  measurement  of  the  latter 
stream  near  Sageeyali  was  at  a  point  about  .jO  miles  south  of  Cortey- 
ville.  In  the  case  of  all  these  measurements  the  gage  height  given  is 
that  at  the  regular  station  near  Liberty,  Kansas.  Comi)aring  the  two 
measurements,  that  on  July  I'O,  near  Liberty,  of  312  second-feet,  and 
that  on  .Inly  22,  near  Sageeyali,  5.")  miles  below  by  rail,  where  the  dis- 
charge was  1,540  second-feet,  an  enormous  increase  in  flow  appears. 
This  is  due  to  the  fact  that  on  July  21  a  rain  covering  the  country 
Ix'Iow  Liberty  caused  the  river  to  rise  until  it  was  from  2.5  to  3  feet 
higher  than  a  few  days  before.  The  effect  of  this  storm  is  also  seen  in 
the  measurement  of  July  22  on  Fall  Kiver.  The  discharge  of  Elk  River 
is  nearly  three  times  that  of  Fall  Kiver,  although  the  watershed  of  the 
latter  is  larger.  It  is  difli(;ult  to  find  a  time  when  the  condition  of  the 
ground  in  all  parts  of  tlie  wiitcrslicd,  or  even  of  two  oi-  more  tributary 
wat(;rsheds,  is  such  that  the  drainage  per  square  mile  is  proportional 
to  the  mean  annual  rainfall. 
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During  tlie  period  of  two  and  :i  lialf  years,  sin<'e  August  1,  l.S9o, 
when  the  station  was  established,  the  highest  gage  reading  was  35.5 
feet,  on  September  11,  1895,  wlien  the  discharge  was  about  37,000 
second-feet.  The  lowest  gage  reading  was  1.7  feet,  in  November,  18U7, 
when  the  discharge  was  about  5  second-feet.  It  is  said  that  during 
the  Hood  of  May,  1895,  the  river  was  several  feet  higher  than  in  Sep- 
tember, 1895.  The  river  rises  and  falls  rapidly.  For  example,  from 
September  8-9,  1895,  the  river  rose  from  4.1  to  27  feet — nearly  23  feet 
in  twenty-four  hours.  Again,  March  4,  1897,  it  rose  from  5  to  20  feet 
in  twenty-four  hours.  Tlie  observer  has  reported  a  rate  of  rise  of  1 
foot  per  hour.  During  the  five  months  of  1895  the  lowest  gage  reading 
was  2.2,  and  this  stage  of  water  continued  for  sixteen  consecutiv'e 
days.  During  the  year  1890  the  lowest  gage  reading  was  1.7,  or  a 
discharge  of  5  seciond-feet;  this  stage  of  water  lasted  for  one  week. 
For  thirty-two  days,  during  parts  of  August  and  September,  the  dis- 
charge was  from  5  to  20  second-feet.  During  1897  there  were  four 
months  when  the  discharge  was  at  no  time  more  than  20  second-feet, 
and  for  one  month  it  was  only  2  or  3  second-feet.  At  Sageeyah,  in  the 
Hood  of  May,  1895,  the  water  was  31.5  feet  higher  than  when  measure- 
ment No.  16  was  made,  or  about  34  feet  above  ordinary  stage  of  water. 

In  the  Eighteenth  Annual  Keport,  Part  IV,  p.  237,  there  is  pub- 
lished a  table  of  the  estimated  monthly  discharge  of  Verdigris  River 
at  the  gaging  station.  The  measurements  during  1897  gave  a  more 
accurate  rating  curve  than  the  one  for  the  preceding  year,  and  a  new 
rating  table  was  aj^plied  from  the  establishment  of  the  station,  August 
1, 1895,  to  December  31, 1897;  the  estimated  monthly  discharge  for  this 
period  is  herewith  published.  The  results  for  1897  are  considered 
more  accurate  than  those  for  the  previous  year. 

List  of  miscellaneous  discharge  measurements. 


Bate. 


1895. 
Aug.  2 
Sept.  7 
Nov.  15 

1896. 
Apr.  15 
May  26 
May  27 
.Tnly  8 
8ept.25 
Sept.26 


stream. 


Verdigris  River. 

 do  

 do  


.do 

.do 
.do 
.do 
.do 
-do 


Locality. 


Liberty 

 do  . 

 do  . 


.do 
.do 
.do 
.do 
do 
.do 


Gage 
height. 


Feet. 
2.4 
3.4 
2.7 

3.4 
20.0 
19.5 
3.7 
2.6 
2.7 


Area  of 
section. 

Mean 
velocity. 

Dis- 
cbarge. 

Sq.feet. 

Feet  per 
second. 

See.-feet. 

130 

0.88 

107 

278 

1.59 

443 

188 

1.16 

218 

250 

1.47 

368 

3, 516 

4. 14 

14, 574 

3,  465 

3. 97 

13, 756 

304 

2.  25 

684 

132 

1.29 

170 

150 

1.52 

229 
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List  of  miscellaneous  discharge  measurements — Continued. 
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Gage 

Area  of 
section. 

Mean 
velocity. 

Dis- 
charge. 

Feet  per 

Feet. 

Sq,feet. 

second. 

Sec.-/eet. 

6.6 

691 

3. 70 

2, 558 

5.9 

584 

3. 43 

2,  003 

17.0 

2,  917 

3. 55 

10,  367 

7.4 

851 

3.  97 

3,384 

2.4 

111 

0. 63 

70 

3.0 

205 

1.47 

312 

3.0 

181 

147 

3.0 

1,  835 

0.  84 

1, 540 

2.8 

171 

51 

2.0 

13 

1.09 

14 

1.6 

1.2 

1 

Date. 


1897. 
Apr.  2 
Apr.  3 
Apr.  30 
May  1 
June 29 
July  20 

Do.... 
July  21 
July  22 
Sept.  8 
Nov.  28 


Stream. 


Verdigris  River. 


.do 
-do 
.do 
.do 

-do 


Locality. 


Liberty 

 do  . 

 do  . 

 do  . 

 do  . 

 do  . 


Elk  River  j  Independence  . .. 


Verdigris  River . . 

Fall  River  

Verdiiiris  River. . 


Sageeyab   

Neodesba   

Independence 


Fall  River   Fall  River 


Bating  table  for  Verdigris  River  at  Liberty,  Kansas. 
[This  table  is  applicable  from  August  1, 1895,  to  December  31, 1897.] 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gajje 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

1.5 

0 

3.0 

256 

5.0 

1,  400 

15.0 

9,  540 

1.6 

2 

3.2 

351  ' 

6.0 

2,160 

•16.0 

10,  360 

1.7 

5 

3.4 

450 

7.0 

2,980 

17.0 

11,  120 

1.8 

9 

3.6 

553 

8.0 

3,  800 

18.0 

12, 150 

1.9 

14 

3.8 

660 

9.0 

4,620 

19.0 

13,  250 

2.0 

20 

4.0 

770 

10.0 

5, 440 

20.0 

14,  470 

2.2 

39 

4.2 

890 

11.0 

6,  260 

21.0 

15,  890 

2.4 

68  ' 

4.4 

1,  010 

12.0 

7,080 

22.0 

17,  370 

2.6 

110 

4.6 

1, 136 

13.0 

7,900 

23.0 

18,  850 

2.8 

171 

4.8 

1,  268 

14.0 

8,720 

21.  0 

20,  330 

19  GEOL,  PT  4  24 
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Estimated  monthly  discharge  of  Verdigris  Hirer  at  Liberty,  Kansas,  for  lS9o  and  1896. 


[Drainage  area,  3,067  square  miles.] 


Discharge  in  second-feet. 

Kun-off. 

Month. 

Total  in  acre- 

Second- 

Maxi- 

Mini- 

Mean. 

feet. 

Depth  in 

feet  per 

mum. 

mum. 

inches. 

square 

mile. 

1895. 

7,  121 

20 

783 

48,  144 

0.  294 

0.  255 

September  

37.  000 

87 

5,  985 

356, 132 

2. 179 

1.953 

October  

155 

39 

69 

4,  243 

0.025 

0.022 

November  

171 

39 

82 

4, 879 

0.  030 

0.027 

December  

28,  000 

68 

4,  226 

259, 847 

1. 589 

1. 378 

1896. 

January   

1, 136 

450 

661 

40,  643 

0.  249 

0.  216 

February   

770 

256 

426 

24,  503 

0. 145 

0. 139 

Marcli  

351 

171 

242 

14,  880 

0.  091 

0.  079 

April  

3,  882 

171 

677 

40,  285 

0.  246 

0.  221 

May  

19,  900 

171 

4, 181 

257,  080 

1.  572 

1.363 

June  

16,  620 

303 

2,200 

130,  909 

0. 800 

0.  717 

July  

10,  770 

138 

1,  699 

104,  467 

0.  639 

0.  554 

August  

210 

14 

46 

2, 828 

0,017 

0.015 

September  

424 

5 

71 

4,  225 

0. 026 

0. 023 

October  

8,  720 

9 

600 

36,  893 

0.  226 

0. 196 

November  

9, 130 

110 

1,017 

60,  516 

0.  369 

0.  331 

December  

1,010 

171 

448 

27,  547 

0.168 

0. 146 

The  year  

19,  900 

5 

1,022 

744,  776 

4.548 

0. 333 

JAN. 
10  20 

FEB 
10  20 

MARCH 
10  20 

APRIL 
10  20 

MAY 
10  20 

JUNE 
10  20 

JULY 
10  20 

AUG. 
10  20 

SEPT 
10  20 

OCT 
10  20 

NOV. 
10  20 

DEC 
10  20 

p 
o 

1 

7 

c 

>/? 

O 

i 

1^ 

Fig.  122. — Dis<niiirf;o  of  Verdigris  Kivor  at  LilxTty,  Kansas,  isgf). 
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fvfC.-ft 

12,  001 
11,  OOl 
10, 00(1 
9,000 
8,000 
7,000 
6,000 
5,000 
4, 000 
3,000 
2. 000 
1,000 
f ' 


JAN 
»0  20 

FEB 

10  20 

MARCH 

10  20 

APRIL 

10  20 

MAY 

10  20 

JUNE 
10  20 

J  ULY 
10  20 

AUG. 
10  20 

SEPT. 
10  20 

OCT. 
10  20 

NOV. 
10  20 

DEC. 
10  20 

rv 

m 
« 

, 

■>> 

• 

1: 

1 

1 

1 

1 

1 

1 

1 

Fig.  1'2'3. — Di.scliarge  of  Verdigris  liivcr  at  Liberty,  Kansas,  J89G. 
Estimated  monthly  discharge  of  Verdigris  Itiver  at  Liberty,  Kansas,  for  1807. 


Discharge  in  second-feet. 

Eun-off. 

Month. 

Total  in  acre- 
foet. 

Second- 

:Maxl- 

Mini 

Mean. 

Depth  in 

feet  per 

liiiiin. 

iiiiiiii. 

inches. 

square 

1 

mile. 

1897. 

I 

Janaarv   

1.  GIG 

S51 

887 

54,  .510 

0.  333 

0.  289 

February   

5,  27t) 

450 

1,  .591 

88,  360 

0.  532 

0.  518 

March  

14, 470 

553 

2,  201 

135,  333 

0. 838 

0.  718 

April  

26, 100 

450 

2,829 

168,  338 

1.  030 

0.  923 

May  

8, 105 

256 

1,260 

77,  474 

0.  474 

0.411 

June  

J.  005 

52 

505 

30,  0.50 

0. 184 

0. 165 

July  

4,  »89 

39 

408 

25,  088 

0. 1.53 

^  0. 133 

39 

20 

28 

1,  722 

0.  Oil 

0.009 

Sei)tembcr  

20 

20 

20 

1, 190 

0.008 

0.  007 

October   

20 

5 

8 

492 

0.003 

0. 003 

November  

5 

2 

2 

119 

0.001 

0.  001 

December  

39 

2 

12 

738 

0.004 

0. 004 

The  year  j 

26, 100 

2 

813 

583, 444 

3. 571 

0.  267 
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JAN 

10  20 

FEB 
10  20 

il  ARCM 

10  20 

APR  1  L 
10  20 

MAY 

10  20 

JUNE 
10  20 

J  U  LV 
10  20 

AUG 
10  20 

SEPT. 
10  20 

OCT 
10  20 

NOV 

10  20 

DEC 
10  20 

T 

- 
■ 

• 

<o 

.1 

1 

m 

i 

M 

j 

i 

L 

L 

Fig.  124. — Discharge  of  Verdigris  lliver  at  Libirtv,  Kansas,  1897 


List  of  miscellaneous  discharge  measurements,  Arkansas  Basin. 


Date. 

Stream. 

Locality. 

Meter 
num- 
ber. 

Area  of 
section. 

Mean 
velocity. 

Dis- 
charge. 

1897. 

Sq.feet. 

Feet  per 

second. 

Sec.-feet. 

July  20 

Elk  River... 

3  miles  north  of  In- 
dependence, Kan- 
sas. 

19 

181 

0. 81 

147 

July  21 

Verdigris  . . . 

1^  miles  north  of 
Sageeyah,  Indian 
Territory. 

19 

1, 835 

0.  84 

1, 540 

July  22 

Fall  River. .. 

1  mile  south  of  Neo- 
(lesha,  Kansas. 

19 

171 

0.  29 

51 

Dec.  7 

 do  

Fall  River,  Kansas .  , 

1 

(a) 

a  Less  than  1. 
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(6 

"0 


k-   ^   0  V' 

^  ^  ^  ^ 

O  ^  ^  S 


i^*  0  ^. 
Q  S 


Fio.  rj5. — Depth  in  inches  of  rainfall  in  and  run-oft'  from  Verdigris  Basin  from  August,  1895,  to 
December,  1897.    Full  line,  raiiilall;  broken  line,  run-off. 


CURVE  OF  MEAN  VELOCITY  OF  FLOW. 

One  characteristic  of  the  Verdigris  at  the  gaging  station,  which  early 
attracted  attention,  is  that  after  the  depth  reaches  7  or  8  feet  the  mean 
velocity  of  the  water  does  not  increase  so  rapidly  as  the  depth.  This 
was  especially  noted  on  April  30,  1897.  The  gage  read  IG  feet  in  the 
evening  about  7  o'clock.  The  next  morning,  about  8  o'clock,  when  the 
station  was  again  visited,  the  gage  read  7.4  feet  and  the  surface  velocity 
appeared  to  be  greater  than  on  the  previous  evening,  when  the  water 
was  8.0  feet  higher.  The  curve  in  the  following  figure  (tig.  12G)  shows 
how  the  mean  velocity  varies  with  the  height  of  gage  reading.  Gage 
readings  are  plotted  as  ordinatcs,  and  mean  velocity  in  feet  per  second 
as  abscissas.  Tlie  mean  velocity  is  found  by  dividing  the  discharge  in 
second-feet  by  the  area  of  the  section.    The  mean  velocity  is  seen  to 
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increase  nii)idly  as  tbe  height  increases  until  7J  feet  is  readied,  with 
a  mean  velocity  of  4  feet  per  second;  the  velocity  then  remains  con- 
stant to  a  gage  reading  of  20  feet. 

The  curve  of  mean  velocities  for  the  gaging  station  on  Neosho  Kiver, 
near  Ida,  Kansas,  is  a  nearly  straight  line,  starting  Avith  a  velocity  of 
5  feet  per  second  for  a  gage  reading  of  2.7  feet,  and  having  a  velocity 
of  about  11  feet  per  second  for  a  gage  reading  of  1G.7  feet.    The  curve 
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Velocity  in  fee'  per  secoud. 
Fig.  1^0.— Variation  of  mean  velocity  with  lieiglit  of  water  on  gage,  on  Verdigris  River,  at 

Liberty,  Kan.sas. 


of  mean  velocities  of  Kansas  River  at  Lawrence  is  also  a  nearly  straight 
line,  starting  with  zero  velocity  for  zero  gage  reading  and  having  a 
velocity  of  7  feet  for  gage  reading  of  9  feet. 

With  the  view  of  ascertaining  the  cause  of  this  peculiarity  of  Ver- 
digris lliver,  in  July,  1897,  another  gage  was  placed  at  Independence 
and  referred  to  the  same  datum  as  the  rod  at  the  gaging  station. 
Arrangements  were  made  to  have  both  read  hourly  when  the  water  is 
rising  or  falling.  These  readings  will  give  the  fall  in  the  surface  of 
the  river  between  the  gages  for  difteient  depths  of  water.  The  dis- 
charge since  the  erection  of  the  gage  has  been  too  small  to  yield  definite 
results. 
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WATER  POWER. 

The  water  power  of  tliis  river  is  not  utilized  to  so  great  an  extent 
now  as  fifteen  or  twenty  years  ago.  In  the  years  1880  to  1890  it  is  said 
that  there  were  ek'ven  dams  on  the  Verdi<;Tis  in  Kansas,  bnt  at  the 
present  time  not  more  than  three  are  in  use.  Three  dams  were  h)cated 
in  the  vicinity  of  Cotleyville;  two  were  in  the  vicinity  of  Liberty, 
of  which  the  one  remaining,  McTaggart's,  is  shown  on  PI.  XXXVII,  A; 
one  was  at  Independence  and  one  7  miles  above  Independence,  both 
gone;  two  were  in  the  vicinity  of  Neodesha,  both  gone;  one  near 
Altoona.  and  one  at  (luilford.  The  dam  at  the  gaging  station  was 
built  in  1874-75  of  brush  and  stones.  Its  length  is  1 75  feet,  its  height  is 
5  feet,  and  it  gives  a  head  of  5  feet  when  in  good  repair.  The  tlunie  is 
10  by  12  feet.  There  are  four  wheels,  one  48  inches  and  three  33  inches. 
The  horsepower  utilized  is  said  to  be  40.  The  dam  backs  the  water 
about  7  miles.  The  dam  at  Altoona  is  built  of  timber  and  stone  and 
the  lower  courses  are  bolted  to  the  rock  bottom.  Its  length  is  140  feet 
and  its  height  13  feet.  The  mill  runs  by  steam  when  there  is  not 
enough  water  to  work  the  wheels.  The  dam  at  Guilford  is  built  ol'  tim- 
ber and  stone.  It  is  9  feet  high  and  sujiplies  water  to  a  48-inch  wheel, 
which  yields  39  horsepower. 

The  power  of  Fall  Kiver,  at  the  present  time,  is  utilized  to  a  larger 
extent  than  that  of  the  A'erdigris.  There  are  at  least  six  dams  on  it  in 
use.  The  first  one,  starting  from  the  mouth,  is  located  1  uiile  west  of 
Neodesha.  It  is  8  feet  high,  built  of  stone  and  timber,  and  backs  the 
water  2.^  miles.  There  is  one  40-inch  wheel.  It  is  said  that  the  water 
is  sufficient  to  work  the  wheel  about  nine  months  in  the  year. 

The  next  dam  is  at  Dun  station.  It  is  built  of  stoue,  and  gives  a  head 
of  about  5  feet,  runs  a  52-inch  wheel,  and  gives  25  horsejjower.  The 
next  in  order  uj)  the  river,  shown  in  I'l.  XXXVII,  B,  is  located  l.j  miles 
south  of  Fredonia,  and  is  the  best  on  the  river.  It  is  built  of  masonry, 
90  feet  long,  7  feet  wide  on  top,  and  gives  a  head  of  8  feet.  There  is 
one  44-inch  wheel,  built  fifteen  years  ago,  Avhich  gives  40  horsepower. 
The  water  will  run  it  on  the  average  eleven  months  in  the  year. 

The  dam  at  Xew  Albany  is  100  feet  long,  is  built  of  timber  and  stone, 
and  gives  an  8-foot  head.  It  runs  a  KMnch  wheel  and  gives  30  horse- 
power. The  dam  at  Fall  Kiver  is  200  feet  huig,  2  feet  high,  and  built 
on  a  curve.  With  tiie  fall  it  gives  a  head  of  9  feet.  It  runs  one  42-inch 
wheel  from  seven  to  ten  months  in  the  j  ear. 

Six  years  ago  there  was  a  dam  4  feet  high  at  Climax,  which  gave  a 
head  of  8  feet.    It  ran  a  40  inch  wheel  and  gave  about  30  horsepower. 

The  dam  1  mile  iK)rthwest  of  lOureka  is  150  feet  long,  bnilt  of  stone, 
and  gives  a  head  of  3.5  fe(!t. 

There  are  three  dams  on  I>Ik  Kiver.  One  at  l']lk  (^ity,  154  feet  long 
and  <»  feet  higli,  is  built  of  tind>er  aiul  stone.  A  5(»-inch  wheel  has  a 
head  of  9  feet  and  is  said  to  furnish  45  horsepower.    Tlie  river  stopi)ed 


376 


PROGRESS  OP  STREAM  MEASUREMENTS  FOR  1897. 


llowinj;-  the  latter  part  of  September,  181(7,  and  remained  dry  until  after 
January  1,  1898.  The  mill  has  a  steam  i)lant  to  furnish  power  when 
there  is  not  sufficient  water  power.  There  is  another  dam  4  miles 
southeast  of  Longton  and  one  4  miles  northwest  of  Howard. 

The  reason  the  power  of  this  river  is  now  utilized  to  a  less  extent 
than  formerly  is  because  of  the  smallness  and  uncertainty  of  the  dis- 
charge and  the  cheapness  of  steam  ])ower.  The  river  is  close  to  the 
coal  mines  and  in  the  center  of  a  natural-gas  belt.  In  Cofl'eyville  it  is 
said  that  gas  fuel  does  not  cost  more  than  one-fourth  as  much  as  coal. 

TEXAS  STREAMS. 

Prof.  Thomas  U.  Taylor,  of  the  University  of  Texas,  at  Austin,  has 
begun  a  series  of  measurements  on  a  few  of  the  more  important  rivers 
of  Texas.  In  May,  1897,  he  took  up  the  question  of  deposit  of  sedi- 
ment in  Lake  McDonald,  which  is  formed  by  the  construction  of  the 
large  dam  across  the  Colorado  liiver  above  Austin.  The  dam  was  com- 
pleted in  May,  1893,  and  as  the  soundings  were  made  in  May,  1897,  the 
results  yielded  bear  upon  the  rate  of  sedimentation  during  four  years. 
He  first  examined  the  notes  of  surveys  made  prior  to  the  construction 
of  the  dam  and  obtained  cross  sections  of  the  Colorado  Eiver,  made 
before  the  dam  was  built,  and  covering  about  23  miles  of  the  length  of 
the  river,  at  about  15  points  between  the  dam  and  Lakeside,  where  there 
is  no  backwater.  Later  in  the  year  he  took  uj)  the  establishment  of 
river  stations  and,  after  a  reconnaissance,  selected  points  on  the  Br'azos, 
Colorado,  Guadalupe,  and  Pecos  rivers.  The  point  on  the  Brazos  is 
about  1^  miles  southwest  of  the  town  of  Lewis,  at  the  railroad  bridge; 
that  on  the  Colorado  is  one-half  mile  southwest  of  the  city  of  Austin; 
that  on  the  Guadalupe  is  1  mile  east  of  Xew  Braunfels;  and  that  on 
the  Pecos  at  the  high  railroad  bridge  of  the  Southern  Pacific.  He  has 
also  made  measurements  at  diiferent  points  along  Colorado  River  above 
and  below  Austin  on  the  Comal,  San  Marcos,  San  Antonio,  San  Felipe, 
Del  Rio,  and  Devils  rivers,  and  other  streams  accessible  by  rail  from 
Austin. 

The  description  of  the  results  of  measurements  of  silting  of  Lake 
McDonald  are  taken  from  the  manuscript  report  of  Professor  Taylor. 
The  shape  of  Lake  McDonald,  formed  by  damming  the  Colorado  River, 
and  the  relative  position  of  the  lines  of  soundings  are  shown  on  the 
accompanying  illustration,  fig.  127.  The  dam  is  about  2^  miles  north- 
west of  the  city.  The  black  lines  crossing  the  river  above  this  indicate 
the  position  of  the  lines  of  soundings  and  the  figures  opposite  give  the 
distance  in  miles  above  the  dam,  which  is  marked  0.00.  These  corre- 
si)ond  to  the  figures  given  on  the  right-hand  side  of  fig.  128.  On  the 
left-hand  side  of  the  illustration  arc  the  names  of  the  localities.  In 
PI.  XXXVIII  is  given  a  view  of  the  dam  looking  across  from  the  west 
side  toward  the  i)ower  house. 
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The  city  of  Austin,  Texas,  by  a  vote  of  its  people,  on  May  5,  1890, 
autliorized  the  issue  of  bonds  to  the  extent  of  $1,400,000,  for  the  con- 
struction of  a  dam  across  Colorado  River  and  the  erection  of  a  power 
house  and  an  electric-light  plant.  The  estimate  of  the  x)robable  cost  of 
these  operations,  made  by  Mr.  J.  P.  Frizell,  of  Boston,  was  as  follows: 


Engineering   $59,000 

Dam  proper   4()3,000 

Power  house   32,000 

Electric-light  plant   46,000 

Water  mains,  etc   151,000 

Distribution   l.'i)5,000 

Reservoir  1   101,000 

Canal   50,000 

Contingencies   119,000 


Total   1,322,000 


Fio.  127. — Index  inap  of  liues  of  .soiinding.s  acros.-t  Lake  McDouald  above  Austin,  Texas. 


Mr.  Frizell  was  employed  as  engineer  after  the  bonds  had  been 
authorized,  and  designed  the  general  outline  of  the  dam  and  its  acces- 
sories,   lie  resigned  in  1891  and  was  succeeded  by  Mr.  J.  T.  Fanning. 

The  dam  proper  is  1,091  feet  long  between  bulkheads  and  G8  feet 
high.  The  upstream  face  is  vertical,  while  the  downstream  fa(;e  is 
inclined  at  a  batter  of  in  8  at  the  ui)p('r  i)art  and  terminates  in  a  cir- 
cle of  31  leet  radius,  permitting  the  overliow  water  to  leave  the  dam 
in  a  horizontal  direction.  The  original  design  contemplated  a  liat  top 
about  18  feet  wide,  but  this  was  finally  rounded  on  both  upstream  and 
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downstream  edges.  The  cave  of  tlie  dam  was  made  of  Portland  cement 
and  compact  limestone,  wliile  the  faces  and  top  were  made  of  an  excel- 
lent grade  of  Burnet  County  (Texas)  granite,  laid  in  tlie  best  Portland 
cement.    The  dam  was  completed  in  May,  1893. 

The  Colorado  liiver  at  Austin  drains  an  area  of  40,000  sfjuare  miles, 
and  was  supposed  to  have  a  minimum  How  of  1,000  second  feet  and  a 
maximum  or  Hood  discharge  of  200,000  to  2.50,000  second-feet.  A  seri- 
ous error  was  made  in  estimating  the  minimum  How.  The  flow  has 
been  measured  at  the  tailrace  of  the  dam  and  at  the  head  of  the  lake 
at  ditt'erent  times  when  the  water  was  below  the  top  of  the  dam,  and 
these  measurements  gave  an  average  flow  through  the  power  house  (at 
tailrace)  of  231  seeoud-feet.  The  minimum  flow  is  certainly  less  than 
this  amount,  for,  during  the  summer  of  189G,  while  there,  was  less 
than  231  second-feet  going  through  the  power  house,  the  water  level  in 
the  lake  continued  to  sink  from  May  27  to  July  1,  when  it  attained  its 
lowest  record  since  the  power  was  turned  on — 5.7  feet  below  the  crest  of 
the  dam.  The  average  daily  lall  was  2  inches,  the  greatest  fall  being 
3i  inches  and  the  smallest  being  1;^  inches.  The  average  width  of  the 
lake  is  about  800  feet  and  the  length  of  backwater  varies  from  23  to 
19  miles.  The  loss  of  water  is  about  163  second-feet  a  day.  Xo 
measurements  of  inflow  and  outflow  were  made,  but  it  is  obvious  that 
the  average  inflow  was  103  second-feet  less  than  the  amount  used  up 
either  by  the  city  i^lant  or  by  evaporation  and  leakage.  One  source 
of  leakage  is  the  so-called  spring  which  is  discharged  from  the  side  of 
the  power  house,  in  a  horizontal  direction,  from  a  10-inch  i^ipe.  Several 
measurements  were  made  on  this.  For  two  or  three  years  it  had  a  dis- 
charge of  about  3,000,000  gallons  per  day  (4.6  second-feet),  but  in  May, 
1897,  its  flow  suddenly  increased  to  10  second-feet.  This  rate  has  been 
maintained  with  slight  variations  up  to  the  present  time. 

The  original  volume  of  water  in  the  lake  was  about  2,330,000,000 
cubic  feet — that  is,  an  amount  that  would  be  represented  by  a  solid 
whose  base  is  1  mile  square  and  whose  height  is  83  feet. 

Cross  sections  of  the  river  were  taken  in  September,  1890,  at  seventeen 
diflerent  places.  The  dam  was  completed  in  May,  1893,  and  the  water 
first  flowed  over  the  conii)leted  dam  May  IG,  1893.  Accurate  sound- 
ings were  made  at  the  cross  sections  in  May,  1897,  and  a  comparison 
was  instituted  with  former  cross  sections.  The  lake  had  been  silting 
up  about  four  years.  In  May,  1897,  there  was  in  the  lake,  level  with 
the  top  of  the  dam,  about  1,362,000,000  cubic  feet  of  water,  leaving 
908,000,000  cubic  feet  of  silt.  In  1893  there  was  83  feet  of  water  ou  a 
square-mile  base;  and  in  1897  there  was  about  50  feet  of  water  and  33 
feet  of  silt.  This  is  an  average  filling  up  of  8^  feet  per  year  on  a 
square  mile  base.  The  following  table  presents  the  other  data  obtained. 
On  account  of  the  many  bends  in  the  river,  the  depth  of  deposit  was 
found  to  obey  no  general  law.  The  maximum  and  average  depths  at 
each  section  are  indicated  in  the  table,  but  these  do  not  always  corre- 
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spoiul  iu  position.  "While  the  maximum  depths  at  Santa  Monica  Springs 
were  29.4:  feet  in  1803  and  11  feet  in  1S07,  the  maximnm  depth  of 
de])osit  was  21  feet.  The  channel  has  shifted  from  the  south  to  the 
north  side  of  the  river  at  this  place. 


IlesiiUs  of  soundings  at  Lake  McDonald,  in  1S93  and  1S97. 


Section. 

ilaximnm 
depth. 

Average  depth. 

"  o 

. 

9  tc 

S.2  5 
S  ^  S 

Kemarks. 

1893. 

1897. 

y. 

180:!. 

1897. 

A  nu 
lilli 

.2  ai! 

Q 
M 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Per  ct. 

Miles. 

Dam  

68.0 

45.0 

23.0 

Miul  bottom. 

Bee  Creek. . . 

67.0 

42.0 

23.0 

37.6 

31.0 

6.6 

18 

0.2 

Do. 

M  o  r  m  ()  n  8 

63.8 

42.5 

21.3 

30.6 

26.2 

4.4 

11 

1.2 

Do. 

Spring. 
Williams  

56.0 

39.5 

33.4 

24.4 

7.0 

21 

3.0 

Do. 

Bull  Creek  . . 

47.8 

36.0 

11.8 

38.0 

28.0 

10.0 

26 

4.0 

Do. 

Enuis  farm. . 

47.5 

32.5 

15.0 

36.7 

24.9 

11.8 

32 

5.6 

Do. 

I^evils  Hol- 

47.0 

27.0 

36.3 

21.5 

43 

Tin 

low. 

Ogarita  

44.8 

25.0 

19.8 

30.7 

19.4 

11.3 

36 

7.8 

Do. 

McNeill's 

40.4 

19.0 

21.4 

30.8 

15.4. 

15.4 

50 

9.3 

Do. 

lane. 

Scotts  Tower 

40.9 

19.0 

21.9 

27.2 

14.3 

12.9 

47 

10.4 

Do. 

Santa  Monica 

29.4 

11.0 

18.4 

20.3 

6.6 

13.7 

68 

13.7 

Do. 

Hughes  farm 

24.0 

8.7 

15.3 

17.2 

6.9 

10.5 

61 

14.6 

Do. 

Honey  Creek 

16.6 

10.0 

6.6 

13.2 

7.0 

5.2 

40 

15.  9 

Do. 

H  a  r  r  i  8  o  n 

13.2 

6.8 

6.4 

11.2 

5.0 

7.2 

64 

17.4 

Part  sand. 

Iiranch. 

Clifton 

7.6 

5.0 

2.6 

5.6 

3.9 

1.7 

30 

18.9 

Sandy  bot- 

farm. 

tom. 

S  II  1  ji  ll  11  r 

3.7 

2.2 

1.5 

2.8 

2.0 

0.8 

29 

20.0 

Sandy  bot- 

Hollow. 

tom. 

The  total  amount  of  silt  in  the  lake  is  908,000,000  cubic  feet.  This 
would  cover  1  square  mile  to  a  depth  of  33  feet.  The  total  amount  of 
water  in  the  lake  would  cover  1  square  mile  to  a  depth  of  50  feet. 

The  facts  shown  in  the  above  table  are  graphically  exhibited  in 
fig.  128,  which  gives  the  sections  at  various  ]»oints  at  and  aboNc  the 
dan).  Tlie  vertical  scale  is  twice  the  horizontal.  On  the  left-hand  side 
are  given  the  names  of  the  localities  and  on  the  right-hand  side  the 
distance  in  miles  above  the  dam.  The  amount  of  sediment  accumu- 
lated from  May,  180.'),  to  .May,  1897,  is  shown  by  the  cross-hatched 
areas,  the  lower  line  Ix'ing  the  coiitour  of  the  ground  before  the  dam 
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was  built,  ;nul  tbe  upper  line  the  shape  of  the  bottom  of  the  lake  four 
years  later.  The  figures  above  each  section  indicate  the  original  width 
iu  feet. 


LOCAUTY 


CLIFTON 

HAffRISONS  Bff 

HONEY  Cff£EK 

HU6HES 

SANTA  MONICA 
SCOTT3  TOiVEff 

MCNEILLS  LANE 
OG/ifflTA 

DEVILS  HOLLOW 
ENNIS  FARM 
BULL  ORE  EH 


OFfV  CITE  EN 


MORMON  FALLS 


500 


4€0 


580 
600 

 650  


780 


690 


950 


880 


//80 


BEE  CREEH 


DAM 


Pio.  128. — Cross  section  ot'  Lake  McDonald,  illustrating;  accuiuulatiou  of  silt. 
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RIO  GRAXDE  BASIX. 

This  basin  is  described  in  detail  in  the  Twelfth  Annnal  Report  of 
this  Survej',  Part  II,  on  pages  240  to  290,  all  of  the  data  at  that  time 
available  as  to  rainfall  and  rnn-off  being  discussed.  Since  that  time 
(1890-91)  measurements  of  the  discharge  of  the  liio  Grande  have  been 
made  at  short  intervals  at  several  important  i^oints  and  the  volume  of 
the  stream  has  been  made  known. 

RIO  GRANDE. 

This  river,  as  described  in  the  above-mentioned  report,  has  its  source 
in  the  Kocky  Mountains  in  southern  Colorado  and  flows  in  a  general 
easterly  direction  until  it  leaves  its  mountainous  basin  to  enter  San 
Luis  I'ark.  Its  course  is  thence  southeasterly  to  the  end  of  the  ])ark, 
where  it  turns  due  south.  San  Luis  Park  is  the  valley  of  greatest  area 
along  the  Eio  Grande,  its  dimensions  being  70  by  40  miles.  A  large 
number  of  canals  take  water  to  irrigate  what  appears  by  eye  to  be 
level  stretches  of  land  many  miles  in  extent. 

A  gaging  station  is  located  about  3  miles  above  the  town  of  Del 
Norte  and  above  the  head  of  most  of  the  important  canals.  The  field 
■work  at  this  station  in  1897  is  described  in  Water-Supply  and  Irriga- 
tion Paper  No.  16,  j).  127. 

For  a  year  or  more  a  gaging  station  was  maintained  at  Alamosa,  near 
the  lower  end  of  the  park,  and  the  measurements  show  the  amount  of 
seei)age  water  at  this  point,  for  during  dry  seasons  all  the  water  in  the 
river  is  diverted  above.  Owing  to  the  considerable  (quantities  of  water 
used  in  this  valley  and  to  the  slight  fall  of  the  country,  areas  in  the 
lower  sections  are  tending  to  become  swampy  and  alkaline.  It  has 
been  thought  that  the  slope  of  the  country  was  not  sufficient  for  drain- 
age canals,  but  a  level  line  run  during  1897  demonstrated  the  fallacy  of 
this  idea. 

Some  miles  above  the  Colorado  and  New  Mexico  State  boundary  line 
the  Rio  Grande  enters  a  canyon  locally  known  as  Rio  Grande  Canyon, 
and  continues  in  it  to  below  Embudo,  New  Mexico.  This  gorge  is  from 
300  to  oOO  feet  in  depth.  During  its  course  through  this  section  the 
stream  receives  a  number  of  small  tributaries  both  from  the  east  and  the 
west.  Although  the  river  has  been  reported  as  being  dry  at  the  lower 
end  of  San  Luis  Park,  a  constant  discharge  is  found  at  Embudo,  as 
shown  by  the  records  at  the  gaging  station  there. 

Results  obtained  in  1897  at  the  lOinbudo  station  will  be  found  in 
Water  Supply  and  Irrigation  Paper  No.  10,  p.  128.  The  rating  tables 
and  the  table  of  monthly  discharges  are  given  on  pages  384  and  385. 

Three  miles  below  Embudo  the  river  enters  Esi)anola  Valley,  and 
at  the  lower  end  White  Rock  Canyon,  through  which  it  flows  for  30 
miles.  It  then  enters  the  AIbu(|uer(|ue  Valley,  which  averages  in 
width  from  1  to  3  miles  and  continues  down  to  about  Socorio.  Num- 
erous canals  are  taken  out  from  each  side  of  the  river  both  above  and 


382 


PROGRESS  OF  STREAM  MEASUREMENTS  FOR  1897. 


below  Albuquerque,  and  considerable  areas  are  irrigated  on  a  small 
scale.  Most  of  the  ditches  are  owned  by  Mexicans  and  are  poorly  con- 
structed and  wasteful  of  water.  Flooding  is  the  principal  method  of 
application.  A  survey  "was  made  in  1807  for  a  large  irrigation  enter- 
prise taking  water  from  the  liio  Grande  from  above  Albuquer(jue,  to 
be  used  in  the  vicinity  of  that  city. 

The  Ikio  Grande  gaging  station,  located  at  the  upper  end  of  White 
Eiver  Canyon,  is  described  in  Water-Supply  and  Irrigation  Paper  No. 
16,  p.  130. 

The  San  Marcial  gaging  station  is  the  fourth  on  this  river  at  which 
work  was  prosecuted  during  1897  and  is  described  in  Water-Supply 
and  Irrigation  Pai)er  No.  10,  p,  131.  Immediately  below  San  Mar- 
cial the  railroad  leaves  the  river  and  continues  southward  on  a  level 
plain  many  miles  in  extent.  If  water  could  be  brought  to  it,  undoubt- 
edly it  would  produce  rich  crops.  Two  years  ago  an  enterjirise  having 
as  its  object  the  irrigation  of  this  land  contemplated  the  building  of  a 
dam  at  what  is  known  as  Elephant  Buttes  and  carrying  the  water  by 
means  of  a  long  canal  to  this  east  side  plain.  It  is  in  the  hands  of  an 
English  cori)oration.  The  proposition  was  agitated  at  the  time  active 
surveys  were  being  made  for  the  international  dam  and  reservoir  at 
El  Paso,  and  the  National  Government  sought  to  enjoin  the  company 
from  building  the  dam,  as  it  would  be  likely  to  interfere  with  the  suijply 
at  El  Paso. 

Mesilla  Valley,  extending  from  Fort  Selden,  New  Mexico,  to  within 
3  miles  of  the  city  of  El  Paso,  Texas,  is  a  noted  section,  and  contains 
a  number  of  important  irrigation  enterprises.  The  method  of  irrigation 
in  this  valley  is  described  in  Water-Supply  and  Irrigation  Paper  No.  10.' 

A  gaging  station  has  been  maintained  at  El  Paso  for  several  years. 
The  work  accomi^lished  at  this  station  during  1897  is  described  in 
Water-Supply  and  Irrigation  Paper  No.  16,  p.  132.  The  bottom  of 
the  river  here  for  a  number  of  miles  above  and  below  El  Paso  is 
unstable,  scouring  on  a  rise  and  filling  on  a  fall  of  the  river.  The  only 
method  of  accurately  estimating  the  daily  discharge  is  that  practiced 
at  a  number  of  other  gaging  stations  where  the  beds  of  the  rivers  are 
similarly  unstable  (the  method,  for  instance,  followed  at  the  McDow- 
ell stations  on  Salt  and  Verde  rivers  and  the  Butte  station  on  Gila 
Kiver),  and  consists  in  taking  a  large  number  of  discharge  measure- 
ments at  intervals  of  only  one  or  two  days.  May  1,  1897,  this  station 
was  i^laced  under  charge  of  Mr.  W.  W.  Follett,  consulting  engineer  of 
the  International  (Water)  Boundary  Commission.  Ninety-one  dis- 
charge measurements  were  made  at  this  point  in  1897. 

'  Irrigation  in  Mesilla  Valley,  New  Mexico,  by  F.  C.  Barker. 
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Rating  table  for  Rio  Grande  at  Del  Norte,  Colorado,  for  1897. 


Gage 
height. 

Discharge. 

'  Gage 
height. 

Discharge. 

1 

Gage 
height. 

1 

Discharge. 

Gage 
lieigiit. 

Discharge. 

Feet. 

Second-feel. 

Feet. 

Second-feel. 

Feet. 

Second  feet. ' 

Feet. 

Second-feet. 

1.4 

305 

2.2 

756 

3.6 

2,336 

5.0 

4,292 

1.5 

354 

2.4 

896 

3.8 

2,  638 

5.2 

4,561 

1.6 

406 

2.6 

1,052 

4.0 

2,  939 

5.4 

4,830 

1.7 

460 

2.8 

1,232 

4.2 

3,216 

5.6 

5,100 

1.8 

516 

3.0 

1, 456 

4.4 

3,  485 

5.8 

5,  367 

- 

570 

3.2 

1,734 

4.6 

3,  754 

2.0 

626 

3.4 

2,035 

4.8 

4,023 

Estimated  monthly  discharge  of  Rio  Grande  at  Del  Norte,  Colorado. 
[Drainage  area,  1,400  square  miles.] 


Month. 


1897. 
.January  . . . 
February  -  ■ 


Discharge  in  second-feet. 


Maxi 
roam. 


Mini- 
mum. 


Mean. 


al,  000 
a  1,  000 

March   « 1,000 

1,067 
3, 537 
3,  391 
1, 108 
475 
631 
1, 472 
665 
a  800 


Total  in  acre- 
feet. 


April  

2,  111 

598 

May   

5,  234 

1,660 

4, 830 

1,660 

July  

2.  261 

570 

August  

598 

354 

September  

972 

.354 

October  

2.261 

756 

November  

860 

542 

December  

1, 346 


61,  488 
55,  .537 
61,  488 
63,  491 
217, 483 
201, 778 
68, 129 
29,  207 
37,  ,547 
90, 510 
39,  570 
49, 190 

975,  418 


Run-oflf. 


Depth  iu 
inches. 


0.  82 
0.  74 
0.82 
0. 84 
2. 92 
2.70 
0.91 
0.  39 
0. 50 
1.21 
0..54 
0.66 

13.05 


Second- 
feet  per 
square 
mile. 


0.71 
0.71 
0.71 
0.  76 
2.53 
2.  42 
0.  79 
0.  34 

0.  45 

1.  05 
0.  48 
0. 57 

0. 96 


a  Approximate. 
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Pig.  129.— Discharge  of  Rio  Grande  at  Del  Norte,  Colorado,  1897. 
Bating  table  for  Rio  Grande  at  Emhudo,  New  Mexico,  for  1897. 


Gage 
height. 


Feet. 
7.3 
7.4 
7.  5 
7.6 
7.  7 
7.8 
7.9 
8.0 
8.2 
8.4 
8.6 
8.8 
9,0 
9.2 


Discharge. 


Jan.  1  to 
Apr.  18. 


Sec. -feet. 


375 
390 
410 
435 
495 
565 
650 
750 
865 
1,  000 


Apr.  19  to 
Aug.  21. 


Aug.  22  to 
Dec.  31. 


Sec-feet. 
285 
305 
330 
360 
390 
425 
460 
495 
580 
685 
805 
940 
1,090 
1,  260 


Sec.-feet. 


285 
305 
330 
360 
390 
425 
495 
580 
685 
805 
940 
1,090 


Gage 
height. 


Feet. 
9.4 
9.6 
9.8 
10.0 
10.2 
10.4 
10.6 
10.8 
11.0 
11.5 
12.0 
12.5 
13.0 
14.0 


Discharge. 


Jan.  1  to 
Apr.  18. 


Sec.-feet. 
1, 150 
1, 320 
1,  500 
1,  680 


Apr.  19  to 
Ang.  21. 


Sec.-feet. 
1,  435 
1,625 

1,  820 

2,  035 

2,  270 
2, 530 
2, 815 
3, 105 

3,  395 
4, 120 

4,  845 

5,  570 

6,  295 
8,  745 


Aug.  22  to 
Dec.  31. 


Sec.-feet. 
1,  260 
1,435 
1,625 
1,820 
2,035 
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Estimated  monthly  discharge  of  liio  Grande  at  Embndo,  New  Mexico. 


[Drainage  area,  7,000  square  miles.] 


Discharge  in  second-feet. 

Kun-oflf. 

Month. 

Total  in  acre- 

Second- 

Alaxi- 

Mini- 

Mean. 

leei;. 

Depth  in 

ieet  per 

ninm. 

mum. 

inches. 

square 

mile. 

1897.  ' 

January   

43.5 

375 

394 

24, 226 

0. 07 

0.06 

480 

375 

408 

2  J,  o59 

0.06 

0. 06 

865 

410 

561 

34,  495 

0.09 

0.08 

April   

3, 177 

700 

1,698 

101,038 

0. 27 

0.24 

May  

8,  745 

3,177 

5,443 

334, 679 

0. 90 

0.  78 

June  

7, 600 

2,270 

4,  621 

274,  968 

0.  73 

0.66 

July  

2, 465 

375 

1,274 

78, 336 

0. 21 

0. 18 

August  

1,015 

285 

338 

20, 783 

0. 06 

0.05 

September  

460 

285 

344 

20,  469 

0.06 

0.05 

October  

2, 1.50 

495 

1,538 

94,  569 

0.  25 

0. 22 

November  

1,  435 

745 

1, 138 

67,  716 

0. 18 

0. 16 

December  

745 

460 

551 

33,  880 

0.09 

0.08 

The  vear  

8,745 

285 

1, 497 

1, 107,  818 

2.  97 

0. 22 

Fifi.  130.  — Disfharjie  of  Kio  Grande  at  Embudo,  New  Mexico,  1897. 
19  GEOL,  PT  4  25 
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Rating  table  for  Bio  Grande  at  Bio  Grande,  New  Mexico,  for  1897. 


Gage 
height. 


Feet. 
4.0 
4.2 
4.4 
4.6 
4.8 
5.0 
5.2 
5.4 
5.6 
5.8 
6.0 
6.2 
6.4 


Discharge. 


Jan.  1  to 
June  19. 


Sec-feet. 


250 
310 
390 
470 
550 
630 
710 
.820 
1,  000 
1,200 
1,  410 
1,690 


June  20  to 
Aug.  16. 


Sec.feet. 
100 
165 
240 
320 
420 
660 
900 
1, 140 
1,  380 
1,620 
1,  860 
2. 100 
2, 340 


Aug.  17  to 
Dec.  31. 


See.-feet. 
200 
260 
320 
380 
460 
550 
650 
780 
950 
1, 190 
1,  450 
1,  710 
1.970 


Gage 
height. 


Feet. 
6.6 
6.8 
7.0 
7.2 
7.4 
7.6 
7.8 
8.0 
9.0 
10.0 
11.0 
12.0 


Discharge. 


J  an.  1  to 
June  19. 


See.-feet. 
1,980 
2,  380 
2, 800 
3,220 
3,640 
4,060 
4, 480 
4,  900 
7,  300 
9,  700 
12, 100 
14, 500 


June  20  to 
Aug.  16. 


Aug.  17  to 
Dec.  31. 


Sec-feet. 

Sec-feet. 

2,  620 

2,  230 

2,  900 

2, 490 

3,190 

2,  750 

3,  500 

3,010 

3, 820 

3,  270 

4, 180 

4, 540 

Estimated  monthly  discharge  of  Bio  Grande  at  Bio  Grande,  JVetf  Mexico. 
[Drainage  area,  11,250  square  miles.] 


Discharge  in  second-feet. 

Run-off. 

Month. 

Total  in  acre- 

Second- 

Maxi- 

Mini- 

Mean. 

feet. 

Depth  in 

fee  t  per 

mum. 

mum. 

inches. 

square 

mile. 

1897. 

January   

570 

290 

467 

28,  715 

0.04 

0.  04 

February   

590 

470 

542 

30, 101 

0.05 

0.05 

2, 485 

610 

988 

60,  750 

0.10 

0.  09 

April  

9,  220 

1,200 

5,094 

303, 113 

0. 50 

0.  45 

May  

15,  340 

8,500 

11, 421 

702,  254 

1.18 

1.02 

Juae  

10,  900 

2,480 

6,153 

366, 128 

0. 61 

0. 55 

July  

3, 190 

200 

1, 582 

97,  274 

0. 16 

0. 14 

Aufiust    

1,  255 

200 

446 

27, 423 

0.04 

0.  04 

September  

2,  360 

260 

680 

40,  463 

0.  07 

0. 06 

October  

3,  465 

550 

2, 215 

136, 196 

0.  23 

0.  20 

November  

1,  710 

680 

1,208 

71, 881 

0. 12 

0.11 

December  

745 

215 

524 

32, 220 

0. 06 

0.05 

The  year  

15,  340 

200 

2,  610 

1,  896, 518 

3.  00 

0. 23 

NEWELL. ] 
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Fig.  131.— Discharge  of  Rio  Grande  at  Rio  Grande,  New  Mexico,  1897. 
Bating  table  for  Bio  Grande  at  San  Marcial,  New  Mexico,  for  1897. 


Di.scharse. 


Gage 

heignt.  ' 


Jan.  1  to 
Mar.  31. 


Feet. 
5.0 
5.2 
5.4 
5.6 
5.8 
6.0 
6.2 
6.4 
6.6 
6.8 
7.0 
7.2 
7,4 
7.6 
7.8 
8.0 
8.2 
8.4 
8.6 
8.8 


Second-feet. 


Apr.  1  to 
May  7. 


Mav  8  to 
May  23. 


Second-feet,    i  Second-feet. 


May  24  to 
Sept.  4. 


Sept.  5  to 
Oct.  4. 


Second-feet.  \  Second-feet. 
5   


200 
276 
350 
850 
1,350 
1,850 
2,  360 
2,880 


90f) 

1,  100 
1,900 
2, 400 

2,  900 

3,  400 
3, 900 


21 
37 

53 
69 
85 
101 

120 
170 
270 
400 
580 
«50 
1,200 
1,(!.jO 
2, 150 
2,800 
3, 600 
4, 450 
5,350 


290 
390 
520 
800 
1,.500 
2, 200 
2, 900 
.3,  600 
4,  300 
5,000 
700 


Oct.  5  to 
Dec.  31. 


Second-feet. 


2,  100 
2,  700 
3,500 

4,  300 
o,  100 

5,  !»00 
0,  700 
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Ixating  table  for  Rio  (Irande  at  San  Marcial,  New  Mexico,  for  1897 — Coutinued. 


Gage 
lieight. 

Discbarge. 

J.m.  1  to 
HSiT.  31. 

A])r.  1  to 
May  7. 

Mav  8  to 
May  23. 

May  24  to 
Sept.  4. 

Sept.  5  to 
Oct.  4. 

Oct.  5  to 
Dec.  31. 

Feet. 
9.0 
9.2 
9.4 
9.6 
9.8 
10.0 
10.2 
10.4 
10. 6 
10.  s 
11.0 
11.2 
11.4 
11.6 
11.8 
12.0 
12.2 
12.4 

Second-feet. 

Second-feet. 
4,  500 
5, 100 
5, 800 
6,  500 
7,200 
7,900 

8,  600 

9,  300 
10, 000 

10,  700 

11,  400 
12, 100 

Second-feet. 

Second-feet. 

6,  250 

7,  150 
8,050 

8,  950 

9,  850 

10,  750 

11,  200 
11,  650 
12, 100 
12, 550 

Second-feet. 

Second-feet. 
7,  .500 
8,300 
9, 100 
,  9,900 
10,  700 
11, 500 

12,  300 
13, 100 

13,  900 

14,  700 
15,500 

10,  400 

11,  200 

12,  000 
13,000 
14,  000 
15, 000 

16.  000 

17,  000 
18,000 
19, 000 

20,  000 

21,  000 

22,  000 

Estimated  monthly  discharge  of  Bio  Grande  at  San  Marcial,  Xew  Mexico. 
[Drainage  area.  28,067  .square  miles.] 


Month. 

Discharge  in  secoud-l'eet. 

Total  in  acre- 
feet. 

Eun-oif. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
I'eet  per 
square 
mile. 

1897. 

.Jauuarv   

600 

200 

318 

19, 553 

0. 013 

0.  Oil 

February   

600 

350 

438 

24,  325 

0. 017 

0.  016 

March  '  

1,  350 

350 

663 

40,  767 

0.028 

0.024 

April  ...   

7,025 

900 

3,  572 

212, 548 

0. 142 

0. 127 

May  

21,  7i50 

6, 150 

12,  282 

755, 196 

0. 505 

0.  438 

■Tune  

1 1, 088 

1,  775 

6, 158 

366, 426 

0. 244 

0. 219 

July  

2,025 

270 

1, 073 

65,  977 

0.044 

0. 038 

August  

365 

5 

100 

6, 149 

0.004 

0.004 

Se]>ten]ber  

6,  050 

5 

1,  919 

114, 188 

0. 075 

0. 068 

October   

15,  500 

650 

4, 581 

281,  677 

0. 188 

0. 163 

November  

3,500 

2, 100 

2,  953 

175,  715 

0.117 

0. 105 

December  

3, 100 

2,400 

2,484 

152,  736 

0. 102 

0.089 

The  yeiir  

21,  750 

5 

3,  045 

2, 215, 257 

1.479 

0. 109 
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TeVT"  OCT 

10  20      lO  20 


■  JAN 

10  20 


FEB  MABCM  APRIL 
10  20      10  20       10  20 


JULT 
10  20 


AUG 

lU  20 


NOV  DEC 
10  20      10  20 


S«o.-ft 
24, 000' 

22.  000 
20,  000 
18,000 
16.  000 
14,  OOC 
12.  OOC 
10,  OOC 
&0O( 
6,00f 
4,  OOt 
2,000 
f  I 
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i'lG.  132.— Discharge  oi  Kio  Uraude  at  San  Marcial,  New  Mexico,  1897. 
Hating  table  for  Bio  Grande  at  El  Paso,  Texas,  for  1897.  (a) 


Gage  heigbt. 


Feet. 


5.6 
5.8 
6.0 
6.2 
6.4 
6.6 
6.8 
7.0 
7.2 
7.4 
7.6 
7.8 
8.0 
8.2 


Discharge. 


Jan.  1  to 
Apr.  30. 


Second-feet. 
30 
42 
60 
90 
130 
170 
210 
250 
350 
500 
6G0 
830 
1,000 
1,200 


Nov.  1  to 
Dec.  31. 


Gage  height. 


Seeonrl-feet. 


460 
500 
570 
6.")0 
770 
930 
1, 100 


Feel. 
8.4 
8.6 
8.8 
9.0 
9.2 
9.4 
9.6 
9.8 
10.0 
10.2 
10.4 
10.6 
10.8 


Discharge. 


Jan.  1  to 
Apr.  30. 


Second-feet. 
1, 440 
1,  680 

1,  940 

2,  200 
2,470 
2, 740 

3,  010 

3,  280 
3,550 
3, 820 
4,090 
4, 360 

4,  630 


Nov.  1  to 
Dec.  31. 


Second-feet. 
1,  270 
1, 440 
1,610 
1.780 


a  Discharges  from  May  1  to  October  31  were  interjiolated. 
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Ealiviated  monthly  discharge  of  Rio  Grande  at  El  I'aao,  Texas. 
[Drainage  area,  30,000  square  miles.] 


Di-scharge  in  second-feet. 

Run  off. 

Maxi- 
mum. 

TVIini- 
luuni. 

.» 1 1.  till . 

Total  in  acre- 
feet. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1,  260 

90 

305 

0.011 

0.  010 

230 

125 

194 

10,  774 

0.006 

0.  006 

120 

30 

72 

4,  427 

0.  002 

0. 002 

4,  22.5 

40 

1,  740 

103,  537 

0. 064 

0.058 

17,  000 

5,000 

8,312 

511,  088 

0.  320 

0.  277 

11, 000 

2, 000 

6, 095 

362,  677 

0. 226 

0.203 

5,300 

300 

1, 330 

81, 770 

0.051 

0. 044 

600 

0 

132 

8, 116 

0.005 

0.004 

2,880 

0 

705 

41, 950 

0.  025 

0.023 

5,000 

230 

1,  758 

108, 096 

0.068 

0.059 

1, 695 

810 

1, 132 

67,  359 

0. 043 

0.038 

1,  015 

460 

680 

41,  812 

0.026 

0.023 

17, 000 

0 

1, 871 

1,  360,  360 

0. 847 

0.062 

Month. 


1897. 


February . . 
March  . . . . 

April  

May  

June  ...... 

July  

August  . . . 
September 
October . . . 
November . 
December  . 


JAN. 
10  20 

FEB 
10  20 

MARCH 

10  20 

APRIL 
10  20 

MAY 

10  20 

JUNE 
10  20 

JULY 
10  20 

AUG. 
10  20 

SEPT. 
10  20 

OCT 
10  20 

NOV. 

10  20 

DEC. 
10  20 

1 

i 

i 

t 

I 

u 

1 

1 

J 

r      .  ^ 

I 

Sec.-ft 
24,  000 

22,  000 

20,  000 

18,  000 

10,  000 

14,  000 

12,  000 

10,  000 

8,000 

6,  000 

4,000 

2,  000 

0 


Fig.  133.— Dischivrge  of  liio  (irande  at  El  Paso,  Texas.  1897. 

COLORADO  liA8IX. 

A  general  descriptiou  ot  this  basin  is  given  in  the  'IVelftli  Annual 
Report  of  the  Survey,  Part  II,  beginning  on  page  2\)0.  Colorado  River 
is  formed  by  the  junction  of  Cxreen  and  Grand  rivers,  about  60  miles 
south  of  the  gaging  station  at  lilake,  Utah,  where  the  Rio  Grande 
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Western  Eailway  crosses  the  former  stream.  On  October  22,  1897,  a 
sample  of  water  was  taken  by  Prof.  J.  A.  Holmes  from  the  Colorado 
Kiver  at  the  point  where  it  is  reached  by  Hance's  trail  from  Flagstaff, 
Arizona.  This,  upon  examination,  gavea  neutral  reaction  and  contained 
suspended  matter  to  the  amount  of  749.05  grains  per  gallon  and  dis- 
solved matter  43.38  grains  per  gallon.  At  that  time  the  stream  was 
not  considered  to  be  unusually  muddy. 

BLACK  FORK. 

The  station  on  this  tributary  is  located  in  the  southwest  corner  of 
Wyoming,  adjoining  the  Bear  Kiver  drainage,  and  it  empties  into 
Green  Eiver  about  20  miles  below  (xreenriver.  Irrigation  is  practiced 
on  the  head  water  creeks;  and  around  Fort  Bridger  wheat,  oats, 
and  vegetables  are  raised  under  the  Black  Fork  canal,  the  elevation 
being  over  G,oOO  feet.  The  stream  has  a  rapid  fall  and  the  banks  are 
low,  resulting,  during  high  water,  in  the  formation  of  many  sloughs 
along  the  bottoms  of  the  creek.  This  is  rather  a  drawback  to  the  irri- 
gator, for  if  he  constructs  a  ditch  from  a  slough  during  one  year  after 
the  high  water  of  next  season  his  head  gates  may  be  left  high  and  dry 
in  an  abandoned  channel,  the  water  having  found  a  new  course  through 
another  slough. 

Ilams  Fork  is  the  largest  tributary  of  Black  Fork  and  enters  it  from 
the  north  about  1  mile  above  Granger.  Irrigation  is  practiced  along 
its  length,  the  water  being  used  for  hay  ranches.  A  number  of  ditches 
have  been  abandoned  along  the  lower  course  of  the  stream  on  account 
of  the  appropriation  of  water  above.  The  method  of  using  the  water 
in  this  basin  is  very  wasteful,  the  settlers  thinking  it  necessary  to  flood 
their  lands  at  the  beginning  of  the  irrigating  season  and  to  keep  them 
in  a  partially  submerged  state  until  ii  short  time  before  the  cutting. 
There  have  been  complaints  by  the  settlers  on  the  lower  stretches 
on  this  account.  Hay  is  the  principal  crop  raised,  the  climate  being 
too  severe  for  the  growing  of  vegetables  and  garden  truck  except 
along  the  lower  valley.  The  principal  industry  for  this  entire  section 
of  country  is  stock  raising,  the  cattle  being  ranged  on  the  heights  dur- 
ing the  summer  and  driven  to  the  valleys  during  the  winter,  when  the 
hay  raised  in  summer  is  used  to  feed  them.  Within  recent  years  bands 
of  sheei)  have  been  encroaching  on  the  ranges,  compelling  many  of  the 
cattlemen  to  seek  new  country,  for  sheep,  as  is  vrell  known,  almost 
totally  destroy  a  range  for  several  years. 

The  gaging  station  is  located  at  Granger,  below  all  of  the  i)i'incipal 
ditches,  it  being  impossible  to  locate  a  station  al)ove  on  account  of  the 
distribution  of  tli*;  ditches  among  the  head  water  tributaries.  The 
results  obtained  show  the  amount  of  water  going  to  waste  that  could 
be  utilized  for  storage  purposes.  The  old  station  was  located  2  miles 
west  of  (Jranger,  at  the  Tnion  Pacific  Railroad  bridge,  and  above  Hams 
Fork,  so  that  the  results  did  not  include  the  How  of  this  latter  stream. 

On  April  28,  18!)7,  the  location  was  abandoned  and  the  station  was 
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removed  to  a  point  below  Hams  Fork,  and  about  one-fourth  of  a  mile 
below  Granger.  The  upper  station  was  at  a  poor  section  and  inconven- 
ient of  access.  The  new  station  is  equipped  with  a  cable  and  car, 
shown  in  PI.  XXXIX,  A.  The  gage  rod,  as  shown  in  PI.  XXXIX,  J5, 
is  different  from  the  ordinary  type.  It  consists  of  two  vertical  0  by  6 
inch  posts  set  firmly  into  the  ground  at  the  edge  of  the  river,  and  5  feet 
apart.  A  horizontal  timber,  4  by  5  inches  by  12  feet,  is  placed  on  top 
of  the  vertical  posts  with  one  end  projecting  out  over  the  water,  and 
braced  by  a  2  by  4  inch  diagonal.  To  this  timber  is  attached  a  wire 
gage  with  the  graduations  marked  along  the  top.  The  advantage  of 
this  style  of  gage  is  that  it  is  not  disturbed  by  ice  and  is  not  liable  to  be 
carried  out  by  high  water  unless  a  section  of  the  bank  is  carried  away. 

The  station  at  Granger  is  described  in  Water-Supply  and  Irrigation 
Paper  No.  16,  p.  134,  together  with  the  list  of  discharge  measurements 
and  the  table  of  gage  heights.  Two  tables  of  monthly  discharges  are 
given :  From  January  1  to  Ajiril  27,  1897,  inclusive,  which  is  for  the 
old  station  above  Hams  Fork,  the  rating  table,  as  derived  from  189G 
measurements,  and  given  in  the  Eighteenth  Annual  Eeport,  p.  271, 
was  used;  from  April  28  to  the  end  of  the  year  the  new  rating  table, 
herewith  published,  based  on  measurements  made  in  1897,  was  used. 
The  table  of  monthly  discharges  is  computed  from  the  latter. 


Bating  tailefor  Black  Fork  at  Grange);  Wyoming. 


Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Apr.l,  1896,  to 
Apr.  27, 1897. 

Apr.  28  to  Dec. 
31, 1897. 

Apr.  1,1896,  to 
Apr.  27, 1897. 

Apr.  28  to  Dec. 
31, 1897. 

Feet. 

Second-feet. 

Second-feet. 

Feet. 

Second-feet. 

Second-feet. 

—  0.1 

150 

2.4 

1,  380 

0.0 

155 

2.6 

215 

1,  625 

0.1 

170 

2.8 

260 

1,  875 

0.2 

190 

3.0 

315 

2, 125 

0.3 

210 

3.2 

365 

2,  375 

0.4 

230 

3.4 

425 

2,625 

0.5 

250 

3.6 

500 

2, 875 

0.6 

270 

3.8 

570 

3, 125 

0.7 

290 

4.0 

650 

3,  375 

0.8 

320 

4.2 

745 

3,  625 

0.9 

350 

4.4 

830 

3, 875 

1.0 

390 

4.6 

930 

4, 125 

1.2 

470 

4.8 

1,040 

4,  375 

1.4 

550 

5.0 

1, 155 

4, 625 

1.6 

670 

5.2 

1,300 

4,  875 

1.8 

830 

5.4 

1,430 

5, 125 

2.0 

1,000 

5.6 

5,  375 

2.2 

1, 180 

5.8 

5,  625 

0.  S.  GEOLOGICAL  SURVEY 
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GAGING  APPARATUS  ON  BLACK  FORK  NEAR  GRANGER 
A,  Cable  and  car;  B,  Wire  gage 


WYOMING. 
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Estimated  monthly  discharge  of  BlacJc  Fork  at  Uranfier,  Wyominff. 
[Drainage  area,  1,747  square  miles.] 


Total  ill 
acre-feet. 

Eun-oflf. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

ft  11 

ft  19 

lb,  828 

0. 12 

0. 12 

17, 524 

0. 14 

0. 12 

38,  380 

0.  30 

0. 27 

238,  635 

1.87 

1.62 

75, 808 

0.59 

0. 53 

18, 077 

0. 14 

0. 12 

11,683 

0.09 

0. 08 

10, 830 

0.08 

0.08 

18, 446 

0. 15 

0. 13 

15, 471 

0. 12 

0.11 

24, 595 

.0.20 

0. 17 

502, 801 

3. 94 

0. 29 

Month. 


1897. 
January  . . . 
February  .. 
March  


Discharge  in  second-feet. 


Maxi- 
mum. 


NDvember . 
December  . 


The  year 


Mini- 
mum. 


April  

1,500 

285 

May  

5,  375 

1, 875 

June  

3,  375 

410 

July  

470 

190 

August  

230 

155 

September  

250 

150 

Mean. 


a  285 
fl  285 
a  285 
645 
3, 881 
1,274 
294 
190 
182 
o300 
rt260 
.( 400 


690 


a  Approximate. 


JAN 

FEB 
10  20 

MARCH 

10  20 

APRIL 
10  20 

MAY 

10  20 

JUNE 
10  20 

JULY 
10  20 

AUG. 
10  20 

SEPT. 
10  20 

OCT. 
10  20 

NOV. 
10  20 

DEC. 
10  20 

1 

1 

1 

S« -ft. 
6,000 

6,500 

5,000 

4, 500 

4,000 

3,500 

3,000 

2,500 

2,000 

1,500 

1,000 

500 

ft 


'/  A  piiroviiiMtp. 

Fio.  134.— Discharge  of  illack  i<'ork  at  Urauger,  Wyouiing,  18U7. 
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GREEN  RIVER. 

Green  Kiver  has  its  source  in  the  Wind  Eiver  and  Gros  Ventre 
Mountains,  in  western  Wyoming,  and  flows  southward,  draining-  a  hiT^^o 
area  of  mountainous  country.  The  iirincipal  iudustryof  this  section  is 
stock  raising,  the  little  irrigation  practiced  being  confined  to  hay 
ranches  along  the  bottom  of  the  creeks.  In  the  southwestern  corner 
of  Fremont  County  and  the  northwestern  corner  of  Sweetwater  County 
is  a  large  plateau  bounded  by  Green  Eiver  on  the  west  and  Big  Sandy 
Creek  on  the  south,  averaging  7,000  feet  in  elevation.  If  this  land 
could  be  irrigated  it  could  be  well  utilized  for  forage  crops  and  for  the 
cereals,  but  as  it  lies  high  above  the  bed  of  the  river  the  cost  of  bring- 
ing water  would  be  considerable. 

The  upper  gaging  station  on  this  river  is  located  at  Greenriver, 
Wyoming,  at  the  crossing  of  the  Union  Pacific  Eailroad,  and  is 
described  in  Water-Supply  and  Irrigation  Paper  No.  16,  p.  136.  As 
the  river  below  here  in  this  State  runs  through  a  bad-lands  section  not 
suitable  for  cultivation,  measurements  at  the  gaging  station  represent 
the  amount  of  water  flowing  out  of  the  State. 

The  next  important  tributarj^  of  Green  Eiver  below  Black  Fork  is 
Yampa  Eiver.  The  drainage  area  is  almost  entirely  included  in  the 
northwestern  corner  of  the  State  of  Colorado,  a  small  area  being 
drained  outside — that  of  Little  Snake  Eiver,  in  Wyoming.  The  drain- 
age basin  of  Yampa  Eiver  is  very  sparsely  settled  and  little  irrigation 
is  i)racticed  in  its  limits. 

The  next  two  important  tributaries  of  Green  Eiver  below  the 
Yampa  are  Duchesne  Eiver,  entering  from  the  west,  and  White  Eiver, 
entering  from  the  east.  The  mouths  of  these  two  streams  are  only  a  few 
miles  apart.  The  northern  tributaries  of  Duchesne  Eiver  have  their 
source  in  the  Uinta  Mountains.  The  entire  drainage  basin  of  the  main 
river  is  comprised  within  the  Uinta  Indian  Eeservation  and  includes 
some  very  fine  irrigable  lands,  but  at  the  present  time  only  a  small  area 
is  under  cultivation.  This  Indian  reservation  has  already  been  subdi- 
vided, and  land  has  been  allotted  to  the  Indians  residing  within  its 
borders,  but  it  has  not  as  yet  been  thrown  open  to  settlement.  During 
the  last  year,  however,  a  commission,  appointed  by  the  General  Gov- 
ernment, has  been  trying  to  draw  up  a  treaty  with  the  Indians,  the 
main  object  of  which  is  to  purchase  the  greater  portion  of  the  reserva- 
tion, leaving  to  the  Indians  the  land  that  has  already  been  allotted  to 
them.  When  this  area  is  thrown  open  some  fine  land  with  a  good 
water  supply  will  be  available. 

Price  Eiver  is  a  large  tributary  of  Green  Eiver  draining  a  section  of 
central  Utah,  and  entering  the  main  river  about  15  miles  above  Blake. 
Little  irrigation  is  practiced  within  its  drainage  basin. 

A  gaging  station  has  been  maintained  at  Blake,  or  (rreenriver  post- 
oflice,  LTtah,  at  the  crossing  of  the  Eio  Grande  Western  Eailway,  and 
is  described  in  detail  in  Water-Supply  and  Irrigation  Paper  No.  16, 
p.  136. 
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The  area  drained  by  Green  River,  distributed  by  States,  is  as  follows : 
Wyoming,  l'0,!)77  sijuare  miles;  Colorado,  10,332  square  miles;  Utab, 
15,916  square  miles;  total  at  its  mouth,  17,22.")  square  miles. 

Rating  table  for  (ireen  River  at  Greenrifer,  Wyoming,  for  1897. 


Gage  height. 

Discharge. 

Gage  heiglit. 

Discharge. 

Jan.ltoMaySl. 

JuneltoDec.31. 

Jan.ltoMaySl. 

JuneltoDec.31. 

Feet. 

Second-feet. 

Second-feet. 

Feet. 

Second-feet. 

Second-feet. 

0.9 

400 

400 

3.4 

7,080 

6,  240 

1.0 

500 

500 

3.6 

7, 960 

7,200 

1.2 

800 

800 

3.8 

8,840 

8, 160 

1.4 

1, 120 

1,120 

4.0 

9,  720 

9, 120 

1.6 

1,  440 

1,440 

4.2 

10,  600 

10,  080 

1.8 

1,760 

1,760 

4.4 

11,480 

11,  040 

2.0 

2,080 

2,080 

4.6 

12,  360 

12,  000 

2.  2 

2,  400 

2,400 

4.8 

13,  240 

12,  960 

2.4 

2,850 

2,800 

5.0 

14, 120 

13,  920 

2.6 

3,600 

3,200 

5.2 

15,  000 

2.8 

4,  440 

3,650 

5.4 

15, 880 

3.0 

5,  320 

4,400 

5.6 

16,  760 



3.2 

6,200 

5,280 

5.8 

17, 640 

Estimated  monthly  discharge  of  Green  Rirer  at  Greenrirer,  Wyoming. 
[Drainage  area,  7,450  square  miles.] 


Muntli. 


Discharge  in  second-feet. 


Maxi- 
mum. 

Mini- 
mum. 

Mean. 


1X97. 

•January   a  1,800 

February   «  1.  900 

a  1,900 
],95X 
9,  769 
7,  548 
2,  791 
1,603 
4()2 
1,013 
760 
a  600 


Mar<  li   -  - 

April    3,200 

May   17,860 

.June   14,400  I 

.July   1,400  ^ 

August   2,500 

September   640 

October   1,760 

Novr-mber   880 

December  '  


1,  200 

2,  725 
4,400 
1,  760 

f;40 
400 
500 
600 


'I  he  year 


2,676 

a  A|i])ri>xiiiiate. 


Total  in  acre- 
feet. 


110,  678 
105,  520 
116,827 
116, 509 
600,  676 
449, 136 
171,  797 
98,  565 
27, 491 
62,  287 
45,  223 
36, 893 

1,  941,  602 


Run-ofF. 


Depth  in 
inches. 


Second- 
feet  j)Cr 
square 
mile. 


0.  28 
0.  27 
0.  30 

0.  29 

1.  51 
1.13 
0.  43 
0. 25 
0.  07 
0. 16 
0. 11 
0.09 

4.89 


0.24 
0.  26 
0. 26 
0.  26 
1.31 
1.01 
0.  37 
0. 22 
0. 06 
0. 14 
0. 10 
0.08 


0. 36 
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a  Approximate. 
Fig.  135.— Discharge  of  Greeu  River  at  Greenriver,  "Wyoming 
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The  folloAving  table  gives  tlie  list  of  discharge  measurements  made 
on  Green  Elver  at  Blake,  Utah.  The  principal  facts  are  also  shown  in 
the  accompanying  figure  (fig.  136),  in  which  vertical  distances  represent 
height  of  water  on  the  gage  and  horizontal  distances  the  quantity  of 
discharge.  The  plotted  points  obtained  by  measurement  are  shown  by 
the  small  circles,  which  are  numbered  to  correspond  with  the  figures 
in  the  left-hand  column  of  the  table.  Xear  or  through  these  is  drawn 
a  smooth  curve,  from  which  the  values  for  the  rating  table  have  been 
obtained. 

List  of  discharge  measurements  made  on  Green  Biver  at  Blake,  Utah. 


No. 

Date. 

Hydrographer. 

Meter 
num- 
ber. 

Gage 
height. 

Area  of 
section. 

Mean 
velocity. 

Dis- 
'  charge. 

Feet  per 

Feet. 

Sg.  feet. 

second. 

Sec. -feet. 

1 

Oct.  21,1894 

A.  P.  Davis  

22 

2.  48 

1,  660 

1.83 

3, 035 

2 

June  30, 1895 

 do  

55 

5. 80 

3,397 

4.43 

15,  065 

3 

Sept.  29, 1895 

 do  

55 

2.00 

1, 423 

1.  40 

1,  938 

4 

Nov.    9, 1896 

C.  C.  Babb  

63 

2.  33 

1, 416 

1.37 

1, 940 

5 

Apr.  21,1897 

 do  

70 

4.88 

2,556 

3.  20 

8, 175 

6 

May  22,1897 

W.  B.  Dongall  

7 

10. 10 

5, 456 

10.  24 

55,  886 

7 

Nov.  22,1897 

C.C.  Babb  

74 

2. 80 

1,  870 

1.80 

3,  373 
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Fio.  136. — Rating  curve  for  Blake  station  on  Green  River,  Utah . 


Rating  table  for  Green  River  at  Blake,  Utah,  for  1S97. 


Gage 
heignt. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

i  Gage 
heignt. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

}  Feet. 

Second-feet. 

1.0 

1,000 

3.0 

3,  700 

5.0 

9,000 

1  7.0 

27, 000 

1.2 

1,080 

3.2 

4,120 

5.2 

10,  200 

7.5 

31, 750 

1.4 

1, 160 

.3.4 

4,  .540 

5.4 

11, 800 

8.0 

36, 500 

1.6 

1.250 

3.6 

4,  fteo 

5.6 

13,  700 

8.5 

41,  2.50 

1.8 

1,400 

.3.8 

5,380 

5.8 

15, 600 

9.0 

46,000 

2.0 

1,6(X) 

4.0 

5,800 

6.0 

17.  500 

9.5 

50,  750 

2.2 

2,020 

4.2 

6,  220 

6.2 

19,  400 

10.0 

55, 500 

2.4 

2,  440 

4.4 

6,640  , 

6.4 

21,  300 

10.5 

60,  250 

2.6 

2,  860 

4.6 

7.  300 

6.6 

23,200 

11.0 

65,  000 

2.8 

3,280 

4.8 

8, 100 

6.8 

25, 100 
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Eatimated  monthly  (Uncharge  of  Green  River  at  Blake,  Utah. 
[Drainage  area,  38,200  square  miles.] 


Month. 


1897. 
January  ... 
February  . . 
March  


Discharge  in  second-feet. 


Maxi- 
mum. 


June  

July  

August   4,750 

September  

October  

November  

December  


The  year 


Mini- 
mum. 


20, 350 

4,750 

68, 800 

24,  625 

60,  725 

15, 125 

13,  225 

4, 540 

4,  750 

2, 440 

11,  000 

2,020 

8,  300 

4,120 

4, 120 

3,  070 

2, 860 

1,040 

Mean. 


a  1,  300 
al,  500 
a  1, 700 
9,133 
51, 531 
34,  838 
7,047 
3,  788 
3,682 
5,  768 
3,459 
1,456 


10, 434 


Total  ill  acre- 
leel. 


Bun-off. 


79,  934 
83,  306 
104, 530 
543, 452 
3, 168, 517 
2, 073,  000 
433,  306 
232,  917 
219, 094 
354, 663 
205, 824 
89, 527 


Deptli  iu 
inches. 


0. 03 
0. 04 
0.04 
0. 27 
1.56 
1.01 
0.21 
0. 12 
0. 11 
0. 17. 
0. 10 
0.04 


Second - 
feet  per 
square 
mile. 


0. 03 
0.04 
0.04 
0. 24 
1. 35 
0.  91 
0. 18 
0. 10 
0. 10 
0. 15 
0. 09 
0.04 


7,588,070       3.70  '  0.27 


a  Approximate. 


JAN 
10  20 


FEB 

10  20 


MARCH 

10  20 


MAT 

10  ?0j 


J  U  N  C 

ID  10 

J  U  LV 

10  20 

AUG 
10  20 

St  PT 

10  20 

OCT 
10  20 

NOV 

10  20 

occ 

10  20 

1 

1 

1 

1 

1 

1 

1 

1 

R 

1 

1 

1 

1 

1 

1 

1 

1 

1 

S«'.-ft 

60, 000 
55, 000 
50,  000 
45,  000 
40,  000 
35,  000 
30,  000 
25,  000 
20,  000 
15,  OOO 
1(1, 1)00 
5.  OOC 
0 


a  Approximate. 
Fig.  137.— Discharge  of  Green  River  at  Blake,  Utah,  1897. 
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GRAND  RIVER. 

This  tributary  of  Colorado  Kiver  drains  an  area  of  22,294  square 
miles  in  Colorado,  being  21  per  cent  of  the  total  area  of  the  State.  It 
rises  north  of  the  central  portion  of  the  State, .adjoining  the  head 
waters  of  the  North  and  South  Platte  and  the  Arkansas  rivers.  It 
receives  its  water  supply  from  a  long  stretch  of  the  Avestern  slope  of 
the  Kocky  Mountains  forming  the  continental  divide.  A  record  of  the 
gage  heights  of  (J rand  Eiver  was  kept  for  a  short  i)erio(l  in  18'J7  by 
the  Denver  and  liio  Grande  Eailroad  Company  at  Shoshone,  10  miles 
east  of  Glenwood  Springs  and  a  short  distance  below  the  mouth  of 
Eagle  Eiver.  Xo  discharge  measurements  were  made  at  the  point 
however.  This  station  is  described  in  Water- Sujiply  and  Irrigation 
Paper  Xo.  10,  p.  137. 

The  gaging  station  at  Grand  Junction  has  been  maintained  through- 
out the  year,  with  results  as  shown  in  the  accompanying  tables.  This 
station  is  also  described  in  Water-Supply  and  Irrigation  Paper  No.  10, 
p.  137. 

The  river  at  the  gaging  station  discharges  through  two  channels, 
and  it  has  been  found  necessary  to  rate  these  two  channels  separately 
in  order  to  get  an  ac(nirate  recortl  of  daily  discharge.  Two  sets  of  rod 
readings  were  maintained,  known  as  records  for  rod  No.  J  for  the  right 
channel,  and  for  rod  No.  2  for  the  left  channel.  To  obtain  the  total 
discharge  of  the  river  the  discharge  for  the  two  channels  have  been 
added. 

The  bluffs  on  Grand  River,  as  well  as  those  on  the  (iunnison,  are  from 
80  to  00  feet  above  the  river.  The  section  included  between  the  two 
streams  in  the  vicinity  of  Grand  Junction  is  fairly  level,  and  a  portion 
of  it  is  under  cultivation.  The  water  supply  is  furnished  by  a  number 
of  pumi)ing  i)lants,  and  those  in  successful  operation  at  the  present  time 
are  operated  by  water  power.  Several  plants  which  depended  on 
steam  power  have  been  abandoned,  as  it  was  found  that  the  cost  of 
ojx'rating  them  was  greater  than  the  returns  from  the  products.  The 
most  successful  style  of  pump  seems  to  be  the  rotary  type,  when  built 
solidly  and  fitted  to  the  need  of  an  irrigation  plant.  It  will  lift  water 
to  any  height  if  the  power  is  sufficient,  in  distinction  from  the  ordinary 
centrifugal  i)ump.  The  efficiency  of  the  latter  style  rapidly  decreases 
for  lifts  above  3.")  or  40  feet.  Mr.  Charles  N.  Cox  has  suc(;essfully  irii- 
gated  a  considerable  area  with  Avater  i)umped  from  Grand  Kiver.  He 
has  constructed  a  canal  one-half  mile  long,  giving  him  at  the  lower 
end  a  head  of  from  9  to  12  feet,  according  to  the  stage  of  water  in  the 
river.  The  capacity  of  the  canal  is  1,000  second-feet.  The  power  is 
sui)i)lied  by  a  44-inch  Victor  turbine  wheel,  generating  109  horsepower. 
Two  ])umps  are  in  use,  one  a  Sniith-\'aile  10  by  18  inch  piston  pump 
ami  the  otlier  a  14  inch  Root's  modified  rotary  pump.  The  capacity  of 
each  is  2,000  gallons  i)er  nuniite.  The  lift  is  81  feet,  and  400  acres  of 
orchard  land  were  irrigated  in  1890.    The  maciiinery  for  such  a  i)lant 
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as  is  here  described  costs  about  $5,000  outside  of  the  expense  of  the 
constructiou  of  a  canal.  The  hxbor  of  one  man,  and  sometimes  two 
men,  is  required  to  operate  the  plant.  The  annual  cost  under  this  sys- 
tem is  from  $1.25  to  SI. 75  per  acre. 

Another  plant  near  by  uses  two  centrifugal  pumps  in  tandem,  with  a 
total  lift  of  80  feet,  so  that  each  i)ump  lifts  water  40  feet.  They  are 
8-inch  centrifugals,  with  a  discharge  pipe  of  the  same  size.  On  account 
of  the  friction,  it  would  have  been  better  to  have  used  a  12-inch  dis- 
charge pipe  with  an  8-inch  pump.  The  canal  for  furnishing  the  power 
is  two-thirds  of  a  mile  long  and  cost  about  $6,000.  The  machinery, 
consisting  of  two  pumps,  turbine  wheels,  connections,  and  piping,  cost 
about  $3,000.  The  discharge  is  1,400  gallons  i^er  minute,  sufficient  to 
irrigate  240  acres. 

Bating  table  for  Grand  Elver  at  Grand  Junction,  Colorado,  for  J897. 


Gage  height. 


Feel. 
0.0 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 

0.  9 
1.0 
1.2 
1.4 

1.  G 
1.8 
2.0 
2.2 
2.4 
2.6 
2.8 
3.0 
3.2 
3.4 
3.6 
3.8 
4.0 


Discharge. 


Right  channel. 


Second-feet. 
0 
Vr> 
32 
50 
70 
92 
114 
137 
164 
200 
250 
370 
520 
790 
1, 317 
1,  957 
2,598 
3,239 
3, 880 
4, 521 
5, 162 
5,  803 
6, 444 
7, 085 

7,  726 

8,  367 


Left  channel. 


Second-feet. 


Gage  height. 


900 
1,  020 
1, 150 
1,  280 
1,420 
1,560 
1,  720 


Feet. 
4.2 
4.4 
4.6 
4.8 
5.0 
5.2 
5.4 
5.6 
5.8 
6.0 
6.2 
6.4 
6.6 
6.8 
7.0 
7.2 
7.4 
7.6 
7.8 
8.0 
8.5 
9.0 
9.5 
10.0 
10.  5 
11.0 


Discharge. 


Riglit  channel. 


Second-feet. 
9,008 
9,649 
10,  290 

10,  931 

11,  571 

12,  211 
12, 852 

13,  492 
14, 132 


Left  channel. 


Second-feet. 
1,940 
2, 200 
2,  500 
2,  800 
3, 200 
3,600 
4,050 

4,  550 
5, 150 

5,  820 
6,628 
7, 456 
8,284 
9,112 
9,940 

10,  768 
11, 596 
12, 424 

13,  252 

14,  080 
16, 150 
18,  220 
20,  290 

.  22, 360 
24,  430 
26.  500 
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Estimated  monthhj  discharge  of  Grand  Hirer  at  Grand  Junction,  Colorado. 
[Uraiuage  area,  8,044  square  miles.] 


Kunoft". 

Total  in  acre- 
feet. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

Dl,  4oo 

0. 14 

0.  12 

58,  314 

0. 12 

0. 12 

.  67,  637 

0.15 

0. 13 

221,  .534 

0.  48 

0.  43 

1,  809,  948 

3.93 

3.41 

1, 508, 429 

3. 27 

2.  93 

542,  935 

1.18 

1.02 

184,  463 

0. 40 

0.  35 

107,  286 

0.  23 

0.  21 

111,478 

0. 24 

0.21 

98,  955 

0. 21 

0. 19 

95,  306 

0. 21 

0. 18 

4,  867,  773 

10.  56 

0. 78 

^onth. 


Discharge  in  second-fret. 


Maxi- 
mam. 


1897. 

January   

February   

March  

April    11.476 

May  :  37,9.50 

June  

.luly  

August  

Septemlier  

October  

November  

December  


Mini- 
mum. 


Mean. 


37,  008 
15,  606 
5, 470 
2,650 
2,350 
1,820 


The  year , 


1.280 
12,  785 
15,  618 
3,  400 
1, 720 
1,  640 
1,  560 
1,  455 


rt  1,  000 
a  1,  050 
«1, 100 
3,  723 
29,  436 
25,  350 
8,  830 
3,000 
1.803 
1,813 
1,663 
a  1,  .550 


6,  693 


a  A i>i)n>x iiiiate. 


J*N 

10  20 

FEB 
10  20 

MARCH 

10  20 

APRI  L 

10  70 

M  AV 

10  20 

JUME 
10  20 

JUIV 
10  20 

AUG 

10  20 

SEPT 
10  20 

OCT 

10  20 

NOV 

10  20 

DEC 
10  20 

i 

1 

i 

1 

1 

- 

1 

1 

i 

A 

■ 

■ 

■ 

■ 

m 

m 

i 

S«c..ft. 
48,000 

44,  000 
40,  000 
36,000 
32, 000 
28,000 
24,000 
20,000 
16, 000 
12,0(X) 
8,000 
4,000 
0 


VVi.  i:w.—I)i.scliargo  of  Grand  Uiver  at  Grand  Junction,  Colorado,  Iti'Jl. 
19  GEOL,  PT  4  20 
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UNCOMPAHGRE  RIVER. 

In  the  following  list  are  given  tbe  results  of  measurements  of  dis- 
cbarge of  Uucompahgre  Eiver  at  Fort  Crawford,  most  of  these  being 
shown  graphically  in  fig.  139,  in  which  vertical  distances  represent 
height  of  water  and  horizontal  distances  the  discharge  in  cubic  feet 
per  second.  The  points  obtained  by  the  discharge  measurements  do 
not  lie  along  the  path  of  any  one  curve,  and  indicate  that  the  relation 
between  gage  height  and  discharge  has  not  been  permanent.  Two 
curves  have,  therefore,  been  sketched,  the  lower  being  applicable  from 
April  1  to  June  8,  the  upper  for  the  remainder  of  the  year. 

List  of  discharge  measurements  made  on  Uncompahgre  River  at  Fort  Crawford,  Colorado. 


No. 


1 

2 
3 

4 
5 
6 
7 
8 
a9 

10 
11 

12 
13 
14 
15 
16 


Date. 


1895. 
June  24 . 
Aug.  27.. 
Oct.  8  . . . 

1896. 
May  12. . 
June  16  . 
July  20.. 
Aug.  23.. 
Sept.  22  . 
Oct.  20  . . 

1897. 
Apr.  18.. 
May  10.. 
June  21 . 
July  19.. 
Aug.  23.. 
Sept.  20  . 
Oct.  18  . . 


Hydrographer. 


F.  Cogswell 


.do 
.do 


.do 
do 
do 
.do 
.do 
.do 

.do 
.do 
.do 
.do 
.do 
.do 
.do 


Meter 
num- 
ber. 


55 
14 
14 

14 
14 
14 
14 
14 
14 

63 
63 
63 
63 
63 
63 
63 


Gage 
height. 


Feet. 
4.00 
3.  20 
2.65 

3.  75 
3.45 
3. 15 
2.60 

2.  75 
2.60 

3.90 
4.55 
5.05 
4. 50 
3. 45 

3.  85 
4.00 


Area  of 
section. 


Sq.feet. 
104 
66 
36 

97 
78 
62 
36 
41 
35 

103 
156 
189 
119 
47 
48 
54 


Mean  ve- 
locity. 


Feet  per 
second. 

4. 90 

3.08 

2. 24 

3.  70 
3.72 

2.  82 
1.72 
2.07 
1.80 

4.  73 

5.  67 
5.72 

3.  97 
1.49 
3. 19 
3.61 


Dis- 
charge. 


Sec.  feet. 
512 
205 
81 

360 
290 
175 
62 
85 
63 

487 
884 
1, 081 
473 
70 
153 
195 


a  Same  as  No.  7 
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JO  O  O  O  O  O  o  o  o  o  oo 

Coo  o  o  o  o  o  o  o  o  oo 

'.  iHCd  CO  lO  «D  C~  00  OS  O  iHN 


Fig.  139. — Rating  curve  for  Fort  Crawford  station,  on  TJncompahgre  River,  Colorado. 


Eating  table  for  TJncompahgre  River  at  Fort  Crawford,  Colorado,  for  1897. 


Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Apr.  1  to 
June  8. 

June  9  to 
Nov.  27. 

Apr.  1  to 
June  8. 

June  9  to 
Nov.  27. 

Feet. 

Second-feet. 

Second-feet. 

Feet. 

Second-feet. 

Second-feet. 

3.0 

151 

4.4 

790 

396 

3.2 

200 

4.6 

913 

583 

3.4 

264 

62 

4.8 

1, 035 

804 

3.6 

344 

95 

5.0 

1, 158 

1,  025 

3.8 

435 

138 

5.2 

1,  281 

1,  246 

4.0 

545 

195 

5.4 

1,  403 

1, 467 

4.2 

667 

274 
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Estimated  monthly  discharge  of  Uncompahgre  Hirer  at  Fort  Crawford,  Colorado. 

[Drainage  area,  497  square  miles.] 


Month. 


1897. 

January  

February . . . 

March   

April  

Mav  

June  

Julv  


August. 


September  . 

October   

November . . 
December 


The  year 


Maxi 
m  um . 


Mini- 
mum. 


790 

1, 158 
1,467 
1,  412 
274 
274 
360 
179 


141 

575 
514 
151 
55 
55 
138 
95 


nd-feet. 

Run-ofF. 

Juean. 

T^/^it'i  1  in  OiTpo 

XOLeli  111  tiiKjLtj' 

feet. 

Depth  in 

feet  per 
ovjuare 
mile. 

a  100 

6, 149 

0. 23 



0.  20 

a  150 

8,  314 

0.31 

0.  30 

«150 

9,223 

0.  35 

0.  30 

391 

23,  267 

0.  88 

0.  79 

823 

50,  604 

1.91 

1.66 

974 

57,  957 

2. 19 

1.96 

529 

32,  527 

1.22 

1.06 

137 

8,  424 

0.  32 

0.  28 

146 

8,  688 

0.  32 

0. 29 

204 

12, 544 

0.47 

0.  41 

126 

7,  498 

0.  28 

0. 25 

a  100 

6, 149 

0.  23 

0.  20 

319 

231,  344 

8.  71 

0.64 

a  Approximate. 


JAN. 
10  20 

FEB. 
10  20 

MARCH 
10  20 

APRIL 
10  20 

MAY 
10  20 

JUNE 
10  20 

JULY 
10  20 

AUG. 
10  20 

SEPT. 
10  20 

OCT. 
10  20 

NOV. 
10  20 

1 

M 

5EC. 
D  20 

i 

i 

J 

i 

t 

a 

a 

Q 

ylMflE 

Sec. -ft. 
2,  000 

1,500 
1,  000 

500 
0 


a  Approximate. 

Fig.  140.— Discharge  of  Uncompahgre  River  at  Fort  Crawford,  Colorado,  1897. 


GUNNISON  RIVER. 

This  is  the  largest  tributary  of  the  Grand,  and  drains  a  section  of 
country  adjoining  it  on  the  south.  The  sources  of  the  eastern  tribu- 
taries are  also  on  the  western  slope  of  the  continental  divide. 

A  record  of  heights  of  Gunnison  River  for  a  short  period  in  1897 
was  kept  by  the  Denver  and  Rio  Grande  Railroad  Company  at  two 
points:  First,  at  Roubideau  station,  at  the  railroad  bridge  0  miles 
west  of  Delta,  Colorado;  second,  at  Whitewater  station,  13  miles 
southeast  of  Grand  Junction.  Measurements  of  discharge  were  not 
made  at  either  of  these  points.    The  regular  Survey  gaging  station  is 
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located  at  the  highway  bridge,  1  mile  above  its  mouth,  at  Grand  Junc- 
tion, Colorado,  and  is  described  in  Water- Supply  and  Irrigation  Paper 
No.  16,  p.  137. 


Batin<j  table  for  Gunnison  River  at  Grand  Junction,  Colorado,  1897. 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

>-* 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

1.5 

160 

2.8 

1,  850 

4.6 

6,  000 

6.2 

12,  248 

1.6 

230 

3.0 

2,210 

4.8 

6,  640 

6.4 

13,  056 

1.7 

330 

3.2 

2,  600 

5.0 

7,  400 

6.6 

13,  864 

1.8 

440 

3.4 

3,  000 

5.2 

8,  208 

6.8 

14,  672 

1.9 

550 

3.6 

3,  420 

5.4 

9,  016 

7.0 

15,  480 

2.0 

670 

3.8 

3,  860 

5.6 

9,  824 

!  7.5 

17,  500 

2.2 

930 

4.0 

4,  320 

5.8 

10,  632 

8.0 

19,  520 

2.4 

1,  200 

4.2 

4,  880 

6.0 

11,440 

8.5 

21,  540 

2.6 

1,  510 

4.4 

5,  370 

Estimated  monthly  discharge  of  Gunnison  River  at  Grand  Junction,  Colorado. 

[Drainage  area,  7,935  square  miles.] 


Mouth. 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Run-oflF. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1897. 

May  

20,  732 

11, 844 

16,  921 

1, 040,  438 

2.  46 

2. 13 

June  

19, 116 

5,  370 

11, 161 

664, 124 

1.57 

1.41 

Jnly  

5,  370 

1,  510 

3,  231 

198,  668 

0. 47 

0.41 

August  

1,  850 

160 

975 

59,  951 

0. 14 

0. 12 

September  

1,510 

160 

628 

37,  369 

0.  09 

0.  08 

October  

2,  020 

1,  060 

1,  472 

90, 510 

0. 22 

0. 19 

November  

1,  200 

230 

933 

55,  517 

0. 13 

0. 12 
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Fig.  141.— Discharge  of  Gunnison  River  at  Grand  Junction,  Colorado,  1897. 

SAN  MIGUEL  RIVER. 

In  the  basin  of  the  San  Miguel  irrigation  is  practiced  to  a  consid- 
erable extent,  but  mainly  by  small  private  ditches.  A  gaging  station 
has  been  maintained  on  the  San  Miguel  at  Fall  Creek,  near  Sawpit. 
This  is  described  in  Water-Supply  and  Irrigation  Paper  No.  16, 
p.  142. 

Bating  table  for  San  Miguel  Biver  at  Fall  Creek,  Colorado,  1897. 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
heigiit. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

2.3 

57 

3.0 

177 

3.7 

388 

4.4 

792 

2.4 

68 

3.1 

20] 

3.8 

433 

4.5 

860 

2.5 

81 

3.2 

228 

3.9 

480 

4.6 

928 

2.6 

95 

3.3 

258 

4.0 

531 

4.7 

997 

2.7 

113 

3.4 

288 

4.1 

587 

2.8 

132 

3.5 

319 

4.2 

655 

2.9 

154 

3.6 

352 

4.3 

723 
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Estimated  monihly  discharge  of  San  Miguel  Biver  at  Fall  Creeh,  Colorado. 

[Drainage  area,  327  square  miles.] 


Month. 


1897. 
January  . . . 
February  .. 

IMarch  

April   

May  

June  

July  

August  

September  . 
October  . .  . . 
November  . . 
December 


The  vear 


Discharge  in  second-feet. 


Maxi- 
mum. 


433 
962 
997 
621 
288 
304 
273 
132 


Mini- 
mum. 


Mean. 


52 
369 
504 
243 
122 
132 
122 

62 


a  60 
a  60 
a  60 
213 
626 
774 
375 
183 
215 
184 
96 
a  75 


243 


Total  in  acre- 
feet. 


3,  689 
3,  332 

3,  689 
12,  674 
38,  491 
46,  056 
23,  058 

11,  252 

12,  793 
11,  314 

5,  712 

4,  612 


176,  672 


Run-off. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

0. 21 

0. 18 

0. 19 

0. 18 

0  91 

0.  72 

0.  65 

2.  20 

1. 91 

2.64 

2.37 

1.33 

1.15 

0.  64 

0.  56 

0. 73 

0.  66 

0.  64 

0.  56 

0.  32 

0. 29 

0.  26 

0. 23 

10.  09 

0.  74 

a  Approximate. 


JAN. 
10  20 

10  20 

MARCH 
10  20 

APRIL 
10  20 

MAY 
10  20 

JUNE 
10  20 

JULY 
10  20 

AUG 
10  20 

SEPT 
10  20 

OCT. 
10  20 

NOV 
10  20 

DEC. 
10  20 

1 

Li 

1 

i 

a 

a 

a 

A 

m 

Sec.-a 
2, 000 

1,500 

1,000 
500 
0 


a  Approximate. 

Fig.  142.— Discharge  of  San  Miguel  River  at  Fall  Creek,  Colorado,  1897. 


DOLORES  RIVER. 

Dolores  Eiver  is  the  last  important  tributary  of  Grand  River.  It  has 
its  source  in  the  La  Plata  and  San  Miguel  Mountains  and  flows  in  a 
northwest  direction,  crossing  the  State  line  into  Utah,  where  it  shortly 
enters  the  Grand.  Two  gaging  stations  have  been  maintained  within 
the  basin,  one  near  Sawpit  at  Fall  Creek,  on  the  San  Miguel,  already 
mentioned,  and  the  other  on  the  Dolores,  at  the  town  of  Dolores.  The 
station  on  the  Dolores  is  described  in  Water-Supply  and  Irrigation 
Paper  No.  16,  p.  143.  From  Dolores  River,  besides  the  smaller  ditches 
for  irrigating  purposes,  there  are  also  taken  out  one  or  two  of  larger 
dimensions,  especially  in  the  vicinity  of  Dolores.    One  system  takes 
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water  from  the  left  side  of  the  river  in  tw  o  directions,  the  lower  branch 
irrigating  lands  to  the  northwest.  The  canal  from  the  left  bank  shortly 
enters  the  ridge  forming  the  divide  between  the  Dolores  and  the  head 
waters  of  certain  tributaries  of  the  San  Juan  and  irrigates  lands  in  the 
vicinity  of  Gortez,  in  the  drainage  basin  of  the  latter  stream. 

Bating  table  for  Dolores  River  at  Dolores,  Colorado,  1897. 


Gage 
lieiglit. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second- feet. 

Feet. 

Second-feet. 

2.6 

76 

1  3.4 

462 

4.1 

1,026 

4.8 

1,  726 

2.7 

108 

3.5 

534 

4.2 

1,  120 

4.9 

1,832 

2.8 

145 

3.6 

608 

4.3 

1,216 

5.0 

1,  938 

2.9 

186 

3.7 

688 

4.4 

1,312 

5.2 

2, 150 

3.0 

235 

3.8 

768 

4.5 

1,  408 

5.4 

2,  362 

•  3.] 

286 

3.9 

852 

4.6 

1,  514 

5.6 

2,  574 

3.2 

338 

4.0 

938 

4.7 

1,  620 

5.8 

2,  785 

3.3 

396 

Estimated  monthly  discharge  of  Dolores  River  at  Dolores,  Colorado. 

[Drainage  area,  562  square  miles.] 


Month. 


1897. 
January . . . 
Febrnarj"  . 
March  .... 

April  

May  

June  

July  

August  

September 
October  . . . 
November  . 
December  . 


The  year 


Discharge  in  second-feet. 


Maxi- 
mum. 


2,  944 
2, 838 
2,  521 
608 
235 
852 
570 
235 


Mini- 
mum. 


235 

1,991 
570 
186 
76 
76 
235 
108 


Mean. 


a  200 
a  200 
a  200 
1,  483 
2, 436 
1,  465 
368 
148 
394 
391 
172 
a  120 


631 


Kun-off. 

Total  in  acre- 
feet. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

12,  298 

0.  42 

0.  36 

11,107 

0.37 

0.  36 

12,  298 

0. 42 

0.  36 

88,  244 

2.  94 

2.64 

149,  785 

5.  00 

4.33 

87, 173 

2.91 

2.  61 

22,  628 

0.  75 

0.65 

9, 100 

0.  30 

0. 26 

23,  445 

0.  78 

0.  70 

24,  042 

0.81 

0.  70 

10,  235 

0.  35 

0.  31 

7,  379 

0.  24 

0.  21 

457,  734 

15.  29 

1.12 

a  Approximate. 
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JAN 
10  20 

PE  8 
10  10 

MARCH 

10  20 

APRI  L 

lO  20 

MAY" 
^  10  20 

JUNE 
10  20 

JULY 
10  20 

AUG 
10  20 

SEPT 
10  20 

OCT 
10  20 

MOV 
10  20 

DEC. 
10  20 

i 

,i 

1 

1 

■ 

III 

II 

II 

1 

■  ■ 

1 

1 

II 
■■ 

II 

II 

1 

a 

a 

a 

r 

a 

Sec.-ft. 
6,  000 

5,  500 

5,  000 

4, 500 

4,  000 

3,  500 

3,000 

2,  500 

2,  000 

1,500 

1,000 

500 

0 

a  Approximate. 

Fig.  143.— Discharge  of  Dolores  River  at  Dolores,  Colorado,  1897. 
SAN  JUAN  river. 

The  tributaries  of  San  Juaii  River  drain  the  southwestern  corner  of 
Colorado  and  have  a  general  southerly  course,  crossing  the  State  line 
into  New  Mexico,  where  they  join  the  main  river,  which  thence  has  a 
westerly  course  through  New  Mexico  and  into  Utah,  where  the  river 
enters  the  Colorado  in  the  Grand  Canyon  region.  The  gaging  stations 
maintained  in  this  basin  are  as  follows:  Arboles  station,  on  the  San 
Juan  River,  a  short  distance  above  the  mouth  of  Piedra  River;  Arboles 
station,  on  Piedra  River,  a  short  distance  above  its  mouth ;  and  Durango 
station,  on  Animas  River.  The  field  work  at  these  stations  in  1897  is 
described  in  Water-Supply  and  Irrigation  Paper  No.  16,  pp.  144, 145, 
and  14G,  respectively. 

Bating  table  for  San  Juan  Biver  at  Arboles,  Colorado,  1897. 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

5.7 

182 

6.5 

478 

7.3 

\,  135 

8.2 

2,  431 

5.8 

208 

6.6 

534 

7.4 

1,260 

8.4 

2,  726 

5.9 

234 

6.7 

596 

7.5 

1,  400 

8.6 

3,  022 

6.0 

263 

6.8 

664 

7.6 

1,  546 

8.8 

3,  316 

6.1 

300 

6.9 

738 

7.7 

1,  693 

9.0 

3.  612 

6.2 

340 

7.0 

820 

7.8 

1,841 

9.5 

4,  349 

6.3 

382 

7.1 

915 

7.9 

1,  998 

6.4 

428 

7.2 

1,  020 

8.0 

2, 136 
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Estimated  monthly  discharge  of  San  Juan  River  at  Arboles,  Colorado. 

[Drainage  area,  1,394  square  miles.] 


Month. 


1897. 
January  . . . 
February  .. 

March  

April  

May  

June  

July  

August  

September  . 

October  

November . . 
December  . . 


The  year 


Discharge  in  aecond-feet. 


Maxi- 
mum. 


3,  464 

4,  423 
3,  759 

1,  328 
404 

1,998 

2,  210 
534 


Mini- 
mum . 


478 
2,  431 
1,  020 
340 
182 
182 
478 
300 


Mean. 


a  200 
a  200 
rt300 
1,987 
3,  393 
2,  311 
685 
303 
607 
1,  019 
396 
a  300 


975 


Total  in  acre- 
feet. 


12,  298 
11, 107 
18,  446 
118,  234 
208,  629 
137, 513 
42, 119 
18,  631 
36, 119 
62,  656 
23,  564 
18,  446 


707,  762 


Run-off". 


Depth  in 
inches. 


0. 16 
0. 15 
0.  24 
1.58 
2.80 
1.85 
0.  56 
0.  25 
0.49 
0.84 
0.  31 
0.  24 


9.  47 


Second- 
fee  t  per 
square 
mile. 


0.  14 
0.  14 
0.2i 
1.42 
2.  43 
1.66 
0.  49 
0.22 
0.  44 
0.  73 
0.  28 
0.  21 


0.  70 


a  Approximate. 


Sec. -ft. 
6,  000 

5,  500 


a  Ap])roximate. 

Fig.  144. — Discharge  of  San  Juan  Kiver  at  Arboles,  Colorado,  1897. 
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PIEDRA  RIVER. 

The  following  table  gives  the  list  of  discharge  measurements  made  on 
Piedra  River  at  Arboles,  Colorado.  The  principal  facts  are  also  shown 
in  the  accompanying  figure  (fig.  145),  in  which  vertical  distances  repre- 
sent height  of  water  on  the  gage  and  horizontal  distances  the  quantity  of 
discharge.  The  plotted  points  obtained  by  measurement  are  shown  by 
the  small  circles,  which  are  numbered  to  correspond  with  the  figures 
in  the  left-hand  column  of  the  table.  I^ear  or  through  these  is  drawn 
a  smooth  curve,  from  which  the  values  for  the  rating  table  have  been 
obtained. 


List  of  discharge  measurements  made  on  Piedra  River  at  Arboles,  Colorado, 


Ko. 

Date. 

Hydrographer. 

Meter 
num- 
ber. 

Gage 
height. 

Area  of 
section. 

Mean 
velocity. 

Dis- 
charge. 

1896. 

Feet  per 

Feet. 

Sq./eet. 

second. 

Sec-feet. 

1 

May  18 

F.  Cogswell.  

14 

3.  90 

182 

2.  99 

544 

2 

June  20 

.....do  

14 

2. 90 

90 

1.21 

109 

3 

July  24 

 do  

14 

3.05 

107 

1.77 

189 

4 

Sept.  27 

 do  

14 

3.  70 

161 

2.51 

405 

5 

Oct.  25 

 do  

14 

3.00 

104 

1.72 

179 

1897. 

6 

Apr.  24 

 do  

^  63 

5.20 

317 

4.  51 

1,  429 

7 

May  15 

 do  

63 

5.  65 

352 

4.63 

1,  629 

8 

June  26 

 do  

63 

4.  20 

212 

3. 19 

677 

9 

July  24 

 do  

63 

3. 10 

104 

2. 21 

230 

10 

Aug.  28 

 do  

63 

2.  60 

62 

1.05 

65 

11 

Sept.  25 

 do  

63 

4. 15 

202 

3.  34 

675 

12 

Oct.  23 

 do  

63 

4.00 

181 

3.  24 

586 
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Fig.  145. — Rating  curve  for  Arboles  station  on  Piedra  River,  Colorado. 
liating  table  for  Piedra  River  at  Arboles,  Colorado,  for  1897. 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

2.6 

68 

3.4 

324 

4.2 

694 

5.0 

1,251 

2.7 

96 

3.5 

364 

4.3 

764 

5.2 

1,  390 

2.8 

124 

3.6 

404 

4.4 

833 

5.4 

1, 529 

2.9 

152 

3.7 

445 

4.5 

903 

5.6 

1,  668 

3.0 

183 

3.8 

487 

4.6 

972 

5.8 

1, 807 

3.1 

215 

3.9 

534 

4.7 

1,  042 

6.0 

1,  946 

3.2 

249 

4.0 

585 

4.8 

1, 112 

6.5 

2, 294 

3.3 

286 

4.1 

637 

4.9 

1, 181 
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Estimated  monthly  discharge  of  Piedra  River  at  Arholes,  Colorado. 

[Drainage  area,  650  square  miles.] 


Month. 


1897. 

January   

February  .. 

March  

April  

May  

June  

July  

August  

September  . 

October  

November . . 
December  . . 


The  year 


Discharoe  in  second-feet. 


Maxi- 
mum. 


2, 190 
2,  398 
2,051 
585 
168 
799 
1,  772 
364 


Mini- 
mum. 


344 
1,  703 

487 
152 
68 
68 
364 
183 


Mean. 


a  150 
a  150 
a  200 
1, 460 
2,  025 
1, 189 
296 
106 
399 
840 
241 
a  200 


605 


Total  in  acre- 
feet. 


9,  223 
8,  331 
12,  298 
86,  876 
124,  513 
70,  750 
18,  200 
6,518 
23,  742 
51,  650 
14,  340 
12,  298 


468,  999 


E,un-olf. 


Depth  in 
inches. 


0.  26 
0.  24 
0. 36 
2. 51 
3.60 
2. 04 
0.53 
0. 18 

0.  68 

1.  49 
0.41 
0.  36 


12.  66 


Second- 
feet  per 
square 
mile. 


0.  23 
0.  23 
0.  31 
2. 25 
3. 12 
1.83 
0. 46 
0. 16 
0. 61 
1.29 
0.  37 
0.  31 


0.  93 


a  Approximate. 


Sec.-ft. 


a  Approximate. 

Fig.  146. — Discharge  of  Piedra  Kiver  at  Arboles,  Colorado,  1897. 
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ANIMAS  RIVER. 

Bating  table  for  Animas  Eiver  at  Durango,  Colorado,  for  1897. 


height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

\_J  <X  \J 

height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

4.9 

230 

5.9 

780 

6.9 

1,  500 

7.9  • 

2,  500 

5.0 

275 

6.0 

840 

7.0 

1,  580 

8.0 

2,  620 

5.1 

325 

6.1 

900 

7.1 

1,  670 

8.2 

2,  900 

5.2 

375 

6.2 

970 

7.2 

1,  760 

8.4 

3,  225 

5.3 

425 

6.3 

1,040 

7.3 

1,  850 

8.6 

3, 580 

5.4 

480 

6.4 

1, 110 

7.4 

1,  950 

8.8 

3,  970 

5.5 

540 

6.5 

1, 180 

7.5 

2,  050 

9.0 

4,  370 

5.6 

600 

6.6 

1,  260 

7.6 

2,150 

9.5 

5,370 

5.7 

660 

6.7 

1,  340 

7.7 

2,  260 

10.0 

6, 370 

5.8 

720 

6.8 

1, 420 

7.8 

2,  380 

Estimated  monthly  discharge  of  Animas  Eiver  at  Durango,  Colorado. 

[Drainage  area,  812  square  miles.] 


Month. 


1897. 
January  . . . 
February  .. 

March  

April  

May  

June  

July  

August  -  

September  . 

October  

November . . 
December  . . 


The  year 


Discharge  in  second-feet. 


Maxi- 
mum. 


Mini- 
mum. 


4,  770 

690 

5,  870 

3,  400 

5, 170 

1,  715 

1,  715 

660 

780 

325 

1, 340 

275 

2,205 

780 

720 

375 

Mean. 


a  310 
«284 
a  374 

2,  608 
4,  498 

3,  218 
1, 120 

534 
875 

1,  385 
553 

rt430 


1,  349 


Total  in  acre- 
feet. 

Run-off. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

19,  061 

0.  44 

0.  38 

15,  773 

0.  36 

0.  35 

22,  997 

0. 53 

0.  46 

155, 186 

3.58 

3.21 

276,  573 

6. 40 

5. 54 

191,  484 

4. 42 

3.96 

68,  867 

1. 59 

1.38 

32, 835 

0.  76 

0.  66 

52,  066 

1.20 

1.08 

85, 160 

1.97 

1.71 

32,  905 

0. 75 

0.  68 

26,  440 

0. 61 

0.  53 

979,  347 

22.  61 

1.66 

a  Approxim  ate. 
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Fia.  147. — Discharge  of  Animaa  Kiver  at  Durango,  Colorado,  1897. 

GILA  RIVER. 

The  gaging  station  on  this  river  is  located  at  the  Buttes,  16  miles 
above  Florence,  Arizona,  at  the  mouth  of  the  caoyon.  The  river  above 
here  flows  through  a  mountainous  country,  the  valley  widening  in 
places  to  bottoms  of  considerable  width.  On  leaving  the  Buttes,  Gila 
Eiver  debouches  upon  a  broad  valley  or  desert,  and  thence  continues 
its  course  westerly  to  its  junction  with  the  Colorado  at  Yuma. 

The  section  at  the  gaging  station  is  sandy  and  liable  to  change  at 
every  high  water.  On  this  account  the  ordinary  method  of  rating  the 
river  by  taking  a  few  discharge  measurements  at  various  gage  heights 
and  from  these  constructing  a  curve  is  not  applicable.  A  large  number 
of  discharge  measurements  should  be  made  at  intervals  of  one,  two, 
or  three  days  apart.  When  these  are  plotted,  it  appears  as  though 
it  would  be  impossible  to  construct  a  rating  curve  from  them  on  account 
of  their  great  variation.  If  the  gage  heights  are  studied,  however,  in 
connection  with  the  discharge  measurements,  a  number  of  curves  can 
be  constructed  in  which  the  discharges  generally  fall  into  line. 

The  first  measurement  of  the  year  at  the  gaging  station  was  made 
on  January  1,  and  from  then  until  September  7  the  river  shows  no 
decided  change  in  the  bed.  The  rating  curve  applicable  from  January 
1  to  September  7,  1897,  inclusive,  is  based  on  42  discharge  measure- 
ments. September  8  the  river  rose  to  a  gage  height  of  7  feet.  The 
measurement  on  that  day  and  on  September  13  shows  a  modification 
of  the  channel,  and  a  separate  curve  for  this  period  of  six  days  has 
been  made.  On  September  15  a  discharge  measurement  was  made 
showing  another  modification.  The  measurements  during  the  rest  of 
the  season,  that  is,  those  on  September  23  and  28,  and  on  October  10 
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and  24,  give  a  fairly  regular  curve,  from  wliicli  a  table  has  been  con- 
structed, applicable  from  September  14  to  October  24,  when  observa- 
tions of  gage  height  were  discontinued. 

The  description  of  this  station,  together  with  a  list  of  discharge 
measurements  and  table  of  gage  heights,  is  given  in  Water- Supply  and 
Irrigation  Paper  No.  16,  p.  147.  Forty-nine  discharge  measurements 
were  made  in  all.  The  bench  mark  consists  of  a  cross  with  the  letters 
"B.M.  U.S.G.S."  chiseled  in  a  rock  4  feet  above  ground  and  90  feet  south 
of  cable  support  and  in  line  with  the  two  supports.  Its  elevation 
above  sea  level  is  1,605.6  feet.  The  gage  rod  is  JST.  34o  45'  W.,  418  feet 
from  the  bench  mark,  and  on  the  opposite  side  of  the  river.  The  eleva- 
tion of  zero  is  1,583.0  feet  or  22.6  feet  below  the  bench  mark. 


Eating  table  for  Gila  River  at  Buttes,  Arizona,  for  1897, 


Gage  heigbt. 

Discharge. 

Gage  height. 

Discharge. 

Jau.  1  to 
Sept.  7. 

Sept.  14  to 
Oct.  24. 

Jan. 1  to 
Sept.  7. 

Sept.  14  to 
Oct.  24. 

Feet. 

Second-feet. 

Second-feet. 

Feet. 

Second-feet. 

Second-feet. 

1.2 

0 

3.  I 

1, 190 

1,  360 

1.4 

41 

3.4 

1,  450 

1,  600 

1.6 

83 

3.6 

1,710 

1,  850 

1.8 

130 

3.8 

1,  970 

2,  240 

2.0 

215 

520 

4.0 

2,  230 

2,  600 

2.2 

360 

630 

^\.5 

2,  880 

3, 500 

2.4 

520 

740 

5.0 

3,  530 

4,  400 

2.6 

680 

850 

5.  5 

4, 180 

5,  300 

2.8 

840 

960  [ 

6.0 

4,  830 

3.0 

1,  000 

1, 120 

Estimated  monthly  discharge  of  Gila  River  at  Buttes,  Arizona. 
[Drainage  area  13,750  square  miles.] 


Month. 

Discharge  iu  second-feet. 

Total  in  jicre- 
feet. 

jiun-off. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1897. 

January   

4,310 

400 

1,  286 

79,  074 

0.  108 

0.  094 

February   

1, 580 

560 

883 

49,  039 

0.  066 

0.  064 

March  

920 

520 

702 

43, 165 

0.  059 

0.  051 

April  

800 

520 

694 

41,  296 

0.  056 

0.  050 

May  

440 

94 

224 

13,  773 

0.018 

0.016 

June  

83 

20 

52 

3,  094 

0.004 

0.  004 

July  

2,  360 

0 

565 

34,  741 

0.  047 

0. 041 

August    

3,  270 

160 

799 

49, 129 

0.  067 

0. 058 

September  

5,  590 

106 

2,  371 

141,  084 

0. 192 

0. 172 

a  800 

49, 190 

0. 067 

0. 058 

a  Approximate. 
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12. 000 
11.  000 
10.  000 
9,000 
8,  000 
7,  000 
6.000 
5,000 
4,  000 
3,  000 
2,  000 
1,  000 
0 


JAN. 
10  20 

rcB. 

10  20 

IKAnCM 

10  2  0 

10  20 

MAY  ' 

10  2(3 

JUNE 
10  20 

J  U  UY 

10  20 

AUG. 
10  20 

SEPT 
10  20 

OCT. 
10  20 

NOV. 
10  20 

DEC. 
10  20 

1 

1 

1 

1 

r, 

L 

i 

> 

Iflp 

1  ^ 

A 

91 

■c. 

Fig.  148. — Dischiirge  of  Gila  River  at  Buttes,  Arizona,  1897. 
QUEEN  CREEK. 

This  creek  is  a  small  tributary  of  Gila  Eiver,  rising  in  the  mountains 
to  the  east  of  Silver  King  mining  camp,  40  miles  north  of  Florence, 
Arizona.  After  leaving  the  mountains  a  short  distance  below  Whit- 
low's ranch  the  creek  ordinarily  loses  itself  in  the  desert  north  of  the 
Gila  Beservation.  In  times  of  extremely  high  and  protracted  floods  the 
waters  of  this  creek  reach  Gila  River  below  the  range  known  as  Saca- 
ton  Hills.  A  detailed  study  of  the  discharge  of  this  creek  was  made 
in  connection  with  the  surveys  for  the  water  supply  for  Gila  River 
Indian  Reservation,  made  by  this  Survey  in  1896.  Discharge  measure- 
ments were  made  in  1897  during  the  months  of  January,  February,  and 
March,  as  shown  by  the  accompanying  list.  The  station  was  discon- 
tinued in  April,  1897. 

List  of  discharge  measurements  made  on  Queen  Creek,  at  Whitlow's,  Arizona. 


Date. 

Hydrographer. 

Meter 
num- 
ber. 

Gage 
height. 

Area  of 
section. 

Mean  ve- 
locity. 

Discharge. 

1897. 

Feet  per 

Feet. 

Square  feet. 

.second. 

Second-feet. 

Jan.  2 

W.  Richins  

(«) 

0.  30 

0.  96 

1.12 

1.  1 

Jan.  9 

 do  

(a) 

0.  30 

0.  96 

1.00 

0.9 

Jan.  11 

 do  

(«) 

3.  80 

354 

10.  00 

3,  536 

Jan.  12 

 do  

69 

0. 10 

3.1 

1.18 

3.7 

Jan.  13 

 do  

69 

1.95 

177 

7.36 

1,  300 

Do 

 do  

69 

0.  70 

58 

4.48 

260 

1 

a  Floats. 
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List  of  discharge  measurements  made  on  (^)ueen  Creek,  at  Whitlow's,  Arizona — Continued. 


Date. 


1897. 
Jan.  14 


Hydrographer. 


W.  Richius 


Jan.  15 

 do  . 

Jan.  19 

  do 

Jan.  23 

 do  . 

Jan.  30 

  do 

Do 

  do  . 

Jan.  31 

 do  . 

Do 

 do  . 

Feb.  2 

  do  . 

Feb.  6 

 do  . 

Feb.  13 

  do 

Feb.  20 

  do 

Feb.  21 

 do  . 

Do 

..  do 

Feb.  22 

  do  . 

Do 

 do  . 

Feb.  25 

 do  . 

Feb.  27 

 do  . 

Mar.  4 

 do  . 

Do 

 do  . 

Mar.  5 

 do  . 

Do 

 do  . 

Mar.    6 . 

 do  . 

Mar.  8 

 do  . 

Mar.  13 

 do 

Mar.  20 

....  .do 

Mar.  27 

 do  . 

Apr.  3 

 do  . 

Apr.  6 

 do  - 

Meter 
num- 
ber. 

Gage 

Area  of 

OCULlUii  t 

Mean  ve- 

Discharge. 

Feet  -per 

Feet. 

Square  feet. 

second. 

Second-feet. 

69 

2.  35 

1.20 

2.8 

69 

'    2. 40 

2. 24 

7.91 

1,779 

69 

4.  35 

1.  66 

7.2 

69 

3. 98 

1.32 

5.2 

69 

0.  80 

0.  48 

3.  84 

185 

69 

0.  40 

29 

3. 81 

109 

69 

0. 10 

16 

1.23 

29 

69 

0. 05 

n 

2.45 

26 

69 

0.10 

4.42 

1.65 

7.3 

69 

0. 10 

3. 61 

1.73 

6.3 

69 

0. 15 

3. 41 

1.64 

5.6 

69 

—0.15 

3.47 

1.  63 

5.7 

69 

0. 70 

41 

3. 00 

123 

69 

0. 60 

33 

2.38 

79 

69 

0. 50 

23 

2.  29 

52 

69 

0.40 

10 

1.80 

18 

69 

0. 20 

6. 32 

1.37 

8,7 

69 

0. 15 

4. 56 

1.43 

6.5 

69 

0.  70 

49 

3.41 

167 

69 

0.  70 

40 

3. 34 

134 

69 

0. 40 

19.8 

2. 63 

52 

69 

0.  33 

16 

2. 46 

38 

69 

0.25 

14. 1 

1.  88 

26 

69 

0. 10 

7.1 

1.57 

11 

69 

0. 07 

5.06 

1.44 

7.3 

69 

0.  07 

5. 58 

1.35 

7.5 

69 

0. 07 

5.1 

1.40 

7.2 

69 

0. 07 

5.5 

1.30 

7.2 

69 

0.  07 

5.2 

1.19 

6.2 

SALT  RIVER. 

Salt  Elver  is  the  principal  tributary  of  the  Gila.  Two  stations  were 
established  in  its  basin  in  1897.  The  field  work  at  these  stations  is 
published  in  Water- Supply  and  Irrigation  Paper  No.  16,  pp.  148-150, 
inclusive.  McDowell  station,  on  Salt  Kiver,  located  half  a  mile  above 
the  mouth  of  the  Yerde  and  30  miles  northeast  of  Phoenix,  was  estab- 
lished April  20,  1897.  The  first  discharge  measurement  on  Salt  Eiver 
was  made  April  21  at  a  gage  height  of  13.30  feet.  The  river  steadily 
fell  from  this  date,  with  a  few  minor  fluctuations,  until  August  12, 
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Twenty-nine  discharge  measurements  were  made  during  this  period, 
and  the  figures  in  the  first  column  of  discharges,  applicable  from  April 
20  to  August  11,  1897,  inclusive,  are  based  on  these  measurements 
and  give  a  very  good  curve.  August  12  the  river  rose  slightly,  and 
measurement  Ko.  30,  on  August  15,  shows  a  change  in  the  channel,  the 
measured  discharge  being  less  than  in  the  first  column  of  discharges. 
Measurement  No.  31  is  comparable  with  the  last  measurement.  Sep- 
tember 11  the  river  rose  to  a  height  of  12.73  feet.  September  13  a  dis- 
charge measurement,  No.  32,  was  made,  showing  a  decided  change  in 
the  channel.  The  river  then  fell  until  September  21,  and  the  second 
column  of  discharges,  based  on  measurements  Nos.  30-32,  inclusive,  is 
applicable  from  August  12  to  September  21,  inclusive.  September  22 
the  river  rose,  and  measurement  No.  33  shows  a  scouring  of  the  chan- 
nel. The  third  column  of  discharges  is  based  on  measurements  Nos.  33 
and  34,  and  is  applicable  from  September  22  to  October  30,  1897,  inclu- 
sive. Five  discharge  measurements  were  made  during  the  remainder 
of  the  year  at  practically  the  same  gage  height.  They  show,  however, 
a  gradual  diminution  in  amount,  proving  a  filling  in  of  the  channel. 
The  daily  discharges  for  November  and  December  were  not  taken  from 
the  table,  but  were  averaged  between  the  five  discharge  measurements 
on  October  31,  November  21  and  28,  and  December  19  and  27.  The 
measurements  at  this  point  and  on  the  Yerde  were  made  by  Mr.  W.  A. 
Farish. 

Eating  table  for  Salt  Eiper  at  McDowell  j  Arizona,  for  1897. 


Gage 
heignt. 


Feet. 
9.2 
9.3 
9.4 
9.5 
9.6 
9.7 
9.8 
9.9 
10.0 
10. 1 
10.2 
10.3 
10.4 
10.5 
10.6 
10.7 
10.8 


Discharge. 


Apr.  20  to 
Aug.  11. 


Sec. -feet. 


55 
110 
165 
220 
275 
330 
385 
440 
495 
550 
605 
675 
750 
840 
930 
1,  020 


Aug.  12  to 
Sept.  21. 


Sec-feet. 


300 
330 
360 
390 
420 
450 
480 
510 
540 
570 
600 


Sept.  22  to 
Oct.  30. 


Sec-feet. 


300 
350 
400 
450 
500 
550 
600 
650 
700 
750 


Gage 
heignt. 


Feet. 
10.9 
11.0 
11.2 
11.4 
11.6 
11.8 
12.0 
12.2 
12.4 
12.6 
12.8 
13.0 
13.2 
13.4 
13.6 
13.8 
14.0 


Discharge. 


Apr.  20  to 
Aug,  11. 


Sec-feet. 
1,110 
1, 200 
1,  380 
1,  560 
1,  740 
1,920 
2, 100 
2, 410 
2, 720 
3,  030 
3,  340 

3,  650 
3, 960 

4,  270 
4, 580 

4,  890 

5,  200 


Aug.  12  to 
Sept.  21. 


Sec -feet. 

630 
660 
720 
780 
840 
900 
960 
1,020 
1,  080 
1, 140 
1,  200 


Sept.  22  to 
Oct.  30. 


Sec-feet. 
800 
850 
950 
1,  050 
1, 150 
1, 250 
1,  350 


420  PROGRESS  OF  STREAM  MEASUREMENTS  FOR  1897. 

Estimated  monthly  discharge  of  Salt  Biver  at  McDowell,  Arizona. 


[Drainage  area,  6,260  square  miles.] 


Month. 

Discharge  in  second-feet. 

-LUi<il  111  aCrc- 

feet. 

Run-off. 

Maxi- 
mum. 

Mini- 
iimin . 

Mean. 

Depth  in 
inches. 

feet  per 
square 
mile. 

April  20-30  

•  4,580 

2, 100 

3,  051 

66,  566 

0.  20 

0.  49 

2,  010 

640 

1, 172 

0.  22 

0. 19 

June  

640 

193 

385 

22,  909 

0.  07 

0. 06 

July  

303 

83 

176 

10,  822 

0.  03 

0.  03 

August  

795 

165 

431 

26,  501 

0. 08 

0.  07 

September  

1,  350 

360 

716 

42,  605 

0. 12 

0. 11 

October  

1,  075 

300 

584 

35,  909 

0. 10 

0. 09 

November   

305 

270 

287 

17, 078 

0.06 

0.05 

December  

307 

264 

284 

17,  463 

0.  06 

0. 05 

VERDE  RIVER. 

McDowell  station^  on  Yerde  Eiver,  located  half  a  mile  above  its 
mouth  and  30  miles  northeast  of  Phoenix,  was  established  April  20, 
1897.  The  station  is  equipped  with  cable,  car,  and  tagged  wire. 
This  section,  as  well  as  that  on  Salt  Eiver  at  McDowell  station,  is 
similar  to  the  one  on  Gila  Eiver — sandy  and  liable  to  change  during  a 
slight  rise — and  a  similar  method  is  employed  in  estimating  the  daily 
discharge;  that  is,  a  large  number  of  measurements  are  taken  and 
studied  in  connection  with  the  gage  heights.  The  first  discharge 
measurement  on  Yerde  Eiver  was  made  April  21.  From  that  date  the 
river  steadily  fell,  and  the  first  column  of  discharges  is  based  on 
measurements  Nos.  1-28,  inclusive,  and  is  applicable  from  April  20  to 
August  12.  August  11  the  gage  read  7.72  feet.  On  August  12  the 
river  rose  to  9  feet,  presumably  in  its  original  channel.  The  next 
measurement,  No.  29,  is  so  large  as  to  fall  outside  the  rating  curve. 
The  bed  of  the  river  evidently  changed  during  the  last  freshet, 
scouring  out,  and  therefore  the  same  gage  height  indicates  a  larger 
discharge.  The  second  column  of  discharges  is  based  on  the  dis- 
charge at  9  feet  in  the  first  column  and  discharge  measurement  No. 
29.  The  river  fluctuated  in  this  channel  until  August  23,  when  it  was 
at  a  gage  height  of  7.9  feet.  The  next  day  it  rose,  and  the  next 
measurement,  No.  30,  was  on  August  29.  This  shows  a  decided  chaoge 
in  the  channel.  Tlie  discharge,  440  second-feet,  is  much  smaller  than 
that  given  in  the  table,  the  latter  being  965  second-feet.  The  third 
column  of  discharges  is  therefore  based  on  this  measurement  and  on  the 
discharge  at  gage  height  7.90  feet  in  the  second  column  of  discharges. 
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Presumably  the  river  fluctuated  in  this  last  channel  until  September  8, 
when  it  rose  again,  reaching  a  height  on  September  11  of  12  feet.  A 
discharge  measurement  was  not  made,  however,  until  September  13, 
at  gage  height  9.35  and  discharge  1,949  second-feet.  This  measure- 
ment, Ko.  31,  is  the  controlling  point  for  the  third  column  of  dis- 
charges, which  is  applicable  from  September  8  to  14.  This  flood  also 
modified  the  channel  as  shown  by  measurement  ISTo.  32  on  September 
26,  and  the  new  rating  table,  or  the  fifth  column  of  discharges,  is  based 
on  measurements  Xos.  31-38,  inclusive,  the  bed  showing  no  decided 
change  for  the  rest  of  the  year.  Therefore  the  fifth  column  is  applicable 
from  September  15  to  December  31,  1897,  inclusive. 

It  is  to  be  regretted  that  this  station  and  the  one  on  Salt  Kiver  were 
not  established  earlier  in  the  year,  as  by  the  middle  of  April  a  large 
portion  of  the  flood  flow  had  already  passed. 

By  having  two  stations  at  McDowell  the  results  are  of  more  value 
than  if  one  only  were  maintained  at  the  Arizona  dam,  which  is  located 
not  more  than  a  mile  below  the  Junction.  The  combined  discharge  at 
the  two  points  shows  the  amount  of  water  available  for  the  Arizona 
canal  and  the  canals  taken  out  on  both  sides  of  the  river  below.  In 
having  separate  stations  the  data  obtained  at  each  can  be  utilized  in 
studying  the  run-off  of  each  basin  and  the  amount  of  water  available 
for  the  several  irrigation  projects  under  consideration  on  the  two  rivers. 

For  Salt  Eiver  the  proposition  of  greatest  magnitude  is  the  storage 
reservoir  of  the  Hudson  Eeservoir  and  Canal  Company.  This  company 
contem})]ates  building  a  dam  in  a  rock  gorge  below  the  mouth  of  Tonto 
Creek  to  the  height  of  205  feet^  to  be  610  feet  long  on  the  top,  and  to 
imi)ound  over  800,000  acre-feet  of  water.  Such  a  reservoir  would  be 
of  great  benefit  to  irrigators  in  Salt  Eiver  Valley,  as  during  the  sum- 
mer months  there  is  a  shortage  in  the  supply  of  water,  and  as  a  result 
many  crops  fail. 

For  the  last  two  years  work  has  been  continued  on  the  storage  propo- 
sition of  Verde  Eiver.  A  dam  is  being  constructed  in  T.  8  N.,  E.  6  E., 
with  an  estimated  reservoir  capacity  of  205,000  acre-feet.  The  water 
stored  will  be  let  down  into  the  river  again  to  be  diverted  25  miles 
below  through  a  tunnel,  and  thence  into  a  canal,  which  continues  for 
65  miles  parallel  to  and  some  distance  above  Arizona  canal.  A  more 
detailed  description  of  these  two  enterprises  will  be  found  in  Bulletin 
No.  140,  p.  204. 
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PROGRESS  OF  STREAM  MEASUREMENTS  FOR  1897. 
Bating  table  for  Verde  River  at  McDowell,  Arizona,  for  1897. 


Gage  height. 


Feet. 


6.5 
6.6 


6.7 


6.8 
6.9 
7.0 
7. 1 
7.2 
7.3 
7.4 
7.5 
7.6 
7.7 
7.8 
7.9 
8.0 
8.2 
8.4 
8.6 
8.8 
9.0 
9.2 
9.4 
9.6 
9.8 
10.0 
10.2 
10.4 
10.6 
10.8 
11.0 
11.5 
12.0 


Discharge. 


Apr.  20  to 
Aug.  12. 

Aug.  13  to 
Aug.  23. 

Aug.  24  to 
Sept.  7. 

Sept.  8  to 
Sept.  14. 

Second-feet. 

Second-feet. 

Second-feet. 

Second-feet. 

90 
110 
130 
155 
185 
230 
280 
380 
620 
940 
1,  260 
1,  580 

240 
260 
280 
300 
320 
340 
380 
420 
460 

300 
340 
590 
840 
1,  090 

860 
1,  090 

1,  320 
1,550 
1,780 

2,  010 
2,  240 
2,  470 
2,  700 

2,  930 
3, 160 

3,  390 
3,  620 

3,  850 

4,  425 

5,  000 

ft 

Sept.  15  to 
Dec.  31. 


Second-feet. 
250 
260 
270 
280 
295 
310 
325 
340 
360 
380 
400 
440 
480 
570 
660 
750 
930 
1, 110 
1,  290 
1,470 
1,650 

1,  830 
2, 010 
2, 190 

2,  370 
2,550 
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Estimated  monthly  discharge  of  Verde  River  at  McDowell,  Arizona. 

[Drainage  area,  6,000  square  miles.] 


"TV,!  x-L 

JMontn. 

Discharge  in  second-feet. 

Total  in  aci'e- 
leet. 

Run-off. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1897. 

April  20-30  

1,  580 

460 

860 

18,  764 

0.058 

0. 143 

JMav  

460 

170 

269 

16, 540 

0.  052 

0.045 

June  

185 

120 

150 

8,  920 

0.  028 

0.025 

July  

230 

90 

130 

7,  993 

0.025 

0.022 

August  

1, 590 

110 

439 

26,  993 

0.  084 

0. 073 

September  

5,  000 

240 

992 

59,  028 

0. 184 

0. 165 

October  .•  

390 

260 

309 

19,  000 

0. 059 

0.  051 

November  

265 

260 

262 

15,  590 

0.049 

0.044 

December  

280 

260 

267 

16,  417 

0.052 

0.045 

Sec.-ft. 
5,  000 


Fig.  149. — Discharge  of  Salt  and  "Verde  rivers  at  McDowell,  Arizona,  1897. 

The  Southern  Pacific  Company  has  maintained  gage  readings  on  the 
main  Colorado  Eiver  at  Yuma,  Arizona.    No  measurements  of  dis 
charge  were  made  at  that  point  in  1897.   The  station  is  described  in 
Water-Supply  and  Irrigation  Paper  No.  16,  p.  151. 
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INTERIOR  BASIN  IN  NEVADA. 
HUMBOLDT  RIVER. 

The  drainage  basin  of  the  Humboldt  River  occupies  the  northern 
portion  of  the  State  of  Nevada.  The  river  rises  in  the  northeastern 
corner  of  the  State  and  flows  in  a  southwesterly  direction  beyond 
Palisade  station,  on  the  Central  Pacific  Railway.  It  then  seeks  a  north- 
westerly direction  until  it  receives  the  drainage  of  Little  Humboldt 
River,  when  it  bends  southwesterly,  finally  discharging  its  waters  into 
Humboldt  Sink.  A  number  of  gaging  stations  have  been  maintained 
on  the  river,  as  follows,  downstream :  Elko,  Battle  Mountain,  Golconda, 
and  Oreana  stations.  These  are  described  in  Water-Supply  and  Irri- 
gation Paper  l^o.  16,  pp.  152-155,  inclusive.  A  gaging  station  was 
also  maintained  on  the  south  fork  of  Humboldt  River  at  Mason's  ranch, 
described  in  the  same  paper,  p.  156. 


Bating  table  for  Humboldt  Biver  at  Llko,  Nevada,  for  1897. 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

1.7 

3 

3.4 

268 

5.4 

926  1 

7.4 

1,  861 

1.8 

7 

3.6 

319 

5.6 

1,  009 

7.6 

1,  963 

1.9 

15 

3.8 

374 

5.8 

1,  094 

7.8 

2,  065 

2.0 

24 

4.0 

431 

6.0 

1, 182 

81.0 

2,167 

2.2 

46 

4.2 

492 

6.2 

1,  273 

8.2 

2,  269 

2.4 

73 

4.4 

557 

6.4 

1,  366 

8.4 

2,  371 

2.6 

104 

4.6 

624 

6.6 

1,  462 

8.6 

2,  473 

2.8 

139 

4.8 

695 

6.8 

1,  560 

1  8.8 

2,  575 

3.0 

178 

5.0 

769 

7.0 

1,  660 

9.0 

2,  670 

3.2 

221 

5.2 

846 

7.2 

1,  760 
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Estimated  monthly  discharge  of  Humboldt  Biver  at  ElTco,  Nevada. 


[Drainage  area,  2,840  square  miles.] 


Month. 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Run-off. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1897. 

January   

96 

59 

77 

4,  735 

0. 031 

0.  027 

February   

178 

73 

116 

6,  442 

0.  042 

0. 041 

Marcli  

810 

11^ 

330 

20, 291 

U.  IID 

April  

2, 

269 

524 

1, 

450 

89,  256 

0. 589 

0. 528 

May  

2, 

396 

1,  560 

1, 

945 

119,  594 

0.  790 

0. 685 

June  

1, 

963 

477 

1, 

069 

63,  610 

0.420 

0.  376 

July  

477 

46 

205 

12,  605 

0. 083 

0.  072 

August  

46 

11 

20 

1,  261 

0. 008 

0. 007 

September  

11 

5 

8 

476 

0. 003 

0.003 

October  

34 

5 

22 

1,  353 

0. 009 

0.008 

November  

73 

34 

54 

3,  213 

0.  021 

0.019 

December  

139 

46 

89 

5,  472 

0.  036 

0. 031 

The  year  

2,  396 

5 

449 

328,  308 

2. 166 

0. 159 

Bating  table  for  Humboldt  Biver  at  Battle  Mountain,  Nevada,  for  1897. 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

0.4 

4 

2.0 

133 

4.2 

545 

6.4 

1, 245 

0.5 

6 

2.2 

161 

4.4 

593 

6.6 

1,  341 

0.6 

9 

2.4 

191 

4.6 

643 

6.8 

1, 445 

0.7 

13 

2.6 

223 

4.8 

695 

7.0 

1,  558 

0.8 

18 

2.8 

257 

5.0 

749 

7.2 

1,  683 

0.9 

24 

3.0 

293 

5.2 

806 

7.4 

1,  820 

1.0 

30 

3.2 

331 

5.4 

867 

7.6 

1,  970 

1.2 

45 

3.4 

371 

5.6 

932 

7.8 

2, 133 

1.4 

63 

3.6 

412 

5.8 

1,  001 

8.0 

2,310 

1.6 

84 

3.8 

455 

6.0 

1,  076 

8.5 

2,  804 

1.8 

107 

4.0 

499 

6.2 

1, 157 

9.0 

3,  359 
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Estimated  month  ly  discharge  of  Humholdt  Eiver  at  Battle  Mountain,  Nevada. 

[Drainage  area,  7,800  square  miles.] 


• 

JjiLOllLii » 

Discharge  in  second -feet. 

Total  in  acre- 
feet. 

- 

Eun-oflf. 

Maxi- 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1897. 

January  

169 

133 

155 

9,531 

0.023 

0.020 

February  

207 

168 

183 

10, 163 

0.  024 

0.023 

749 

176 

265 

16, 294 

0  03Q 

0  034 

April  

3,053 

1,  001 

2, 

287 

136,  086 

0.  327 

0.  293 

O  '7KO 

J,  ioJi 

2, 

876 

176,  839 

0.  4J5 

f\  'Jan 
0.  3b9 

June  

S,  131 

867 

2, 

070 

123, 173 

0.  296 

0.  265 

July  

821 

95 

400 

24,  595 

0.  059 

0. 051 

August  

84 

9 

34 

2,  091 

0.  005 

0.  004 

September  

9 

5 

6 

357 

0.  001 

0.  001 

October  

73 

7 

36 

2,  214 

0. 005 

0.005 

November  

126 

78 

99 

5,  890 

0. 014 

0. 013 

December  

275 

133 

201 

12,  359 

0.029 

0. 026 

The  year  

3, 131 

5 

718 

519,  592 

1.247 

0. 092 

Fig.  150.— Discharge  of  Humboldt  River  at  Elko  and  Battle  Mountain,  Nevada,  1897. 
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Eating  table  for  Humboldt  River  at  Golconda,  Nevada,  for  1897. 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
lieight. 

Discharge. 

Gage 
heig-ht. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

0.5 

5 

2.4 

162 

4.6 

516 

6.8 

1, 194 

0.6 

9 

2.6 

186 

4.8 

561 

7.0 

1, 290 

0.7 

13 

2.8 

210 

5.0 

608 

7.2 

1,  394 

0.8 

18 

3.0 

236 

5.2 

657  i 

7.4 

1, 504 

0.9 

23 

3.2 

264 

5.4 

709 

7.6 

1,  619 

1.0 

29 

3.4 

294 

5.6 

764 

7.8 

1,  738 

1.2 

43 

3.6 

326 

5.8 

823 

8.0 

1,  860 

1.4 

59 

3.8 

360 

6.0 

886 

8.5 

2, 165 

1.6 

11 

4.0 

396 

6.2 

953 

9.0 

2,  475 

1.8 

97 

4.2 

434 

6.4 

1,026 

9.5 

2,  785 

2.0 

118 

4.4 

474 

6.6 

1, 106 

10.0 

3, 100 

2.2 

140 

1 

Estimatea  montlily  discharge  of  Humboldt  River  at  Golconda,  Nevada. 

[Drainage  area,  10,780  square  miles.] 


Month. 

Discharge  in  second-feet. 

Total  in  acre- 
feot. 

Run-oflf. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1897. 

210 

129 

148 

9,  100 

0.  016 

0.  014 

February   

236 

162 

200 

11, 107 

0. 019 

0. 018 

March  

310 

117 

234 

14,  388 

0.025 

0.022 

April  

2, 

974 

360 

1,  264 

75,  213 

0. 131 

0.117 

May  

3, 

100 

2, 537 

2, 860 

175,  917 

0. 306 

0. 265 

June  

2, 

942 

1,026 

2, 197 

130,  730 

0. 227 

0. 204 

July  

953 

210 

499 

30,  683 

0. 053 

0. 046 

August  

198 

43 

95 

5,  841 

0. 010 

0.  009 

September  

36 

7 

17 

1,012 

0. 002 

0.  002 

October  

97 

5 

26 

1,599 

0. 003 

0. 002 

November  

112 

36 

80 

4,  760 

0. 008 

0.  007 

December  

204 

U8 

170 

10, 453 

0. 018 

0. 016 

The  year  

3, 

100 

5 

649 

470,  803 

0. 818 

0. 060 
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Bating  table  for  Humholdt  Biver  at  Oreana,  Nevada,  for  1897. 


Gage 
height. 

Discharge. 

Gage 
j  height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

2.0 

23 

4.0 

312 

6.0 

860 

8.0 

1,  540 

2.2 

37 

4.2 

357 

6.2 

924 

8.5 

1,  720 

2.4 

56 

4.4 

405 

6.4 

990 

9.0 

1,902 

2.6 

78 

4.6 

455 

6.6 

1,056 

9.5 

2,  087 

2.8 

103 

4.8 

507 

6.8 

1, 124 

10.0 

2,  275 

3.0 

131 

5.0 

.561 

7.0 

1, 192 

10.5 

2,  465 

3.2 

162 

5.2 

617 

7.2 

1,  260 

11.0 

2,  657 

3.4 

195 

5.4 

675 

7.4 

1,  329 

11.5 

2,  852 

3.6 

230 

5.6 

735 

7.6 

1,  399 

12.0 

3, 047 

3.8 

269 

5.8 

797 

7.8 

1,  469 

Estimated  monthly  discharge  of  Humholdt  Biver  at  Oreana,  Nevada. 
[Drainage  area,  14,967  square  miles.] 


Month. 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Run-oflf. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1897. 

January   

195 

103 

140 

8,  608 

0.  012 

0.  010 

February   

269 

162 

216 

11,  996 

0.  016 

0.  016 

March  

417 

269 

287 

17,  647 

0.  024 

0.  021 

April   

2,087 

430 

958 

57,  005 

0.  078 

0.  069 

May  

3,  047 

2, 199 

2,  691 

165,  464 

0.  225 

0. 195 

June  

2,  503 

1,  612 

2,114 

125,  791 

0. 171 

0. 153 

July  

1,  576 

357 

842 

51,  773 

0. 070 

0.  061 

August  

357 

78 

191 

11,  744 

0. 016 

0. 014 

September  

78 

46 

61 

3,630 

0. 005 

0.  004 

October  

67 

26 

40 

2,  460 

0.  003 

0. 003 

November  

62 

26 

40 

2,  380 

0.003 

0. 003 

December  

146 

62 

110 

6,  764 

0.  009 

0.  008 

The  year  

3, 047 

26 

641 

465,  262 

0. 632 

0.046 
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Fig.  151. — Discharge  of  Humboldt  River  at  Golconda  and  Oreana,  Nevada,  1897. 


Mating  tahle  for  South  Fori'  of  Humboldt  River  at  Mason's  ranch,  Nevada. 


Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Aug.  29, 1896,  to 
Apr.  19, 1897. 

Apr.  20  to  Dec. 
31, 1897. 

Aug.  29, 1896,  to 
Apr.  19, 1897. 

Apr.  20  to  Dec. 
31, 1897. 

Feet. 

Second-feet. 

Second-feet. 

Feet. 

Second-feet. 

Second-feet. 

0.3 

3 

2.8 

386 

501 

0.4 

8 

3.0 

457 

562 

0.5 

15 

3.2 

530 

623 

0.6 

23 

3.4 

604 

684 

0.7 

1 

32 

3.6 

679 

745 

0.8 

2 

42 

3.8 

755 

807 

0.9 

5 

53 

4.0 

831 

868 

1.0 

11 

65 

4.2 

907 

929 

1.2 

28 

94 

4.4 

983 

980 

1.4 

51 

129 

4.6 

1,  052 

1.6 

79 

170 

4.8 

1, 113 

1.8 

113 

215 

5.0 

1, 174 

2.0 

1&3 

265 

5.2 

1,235 

2.2 

201 

320 

5.4 

1,  296 

2.4 

257 

379 

5.6 

1,  358 

2.6 

319 

440 

5.8 

1,419 
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Estimated  monthly  discharge  of  South  Fork  of  Humholdt  River  at  Masov^n  ranch, 

Nevada. 


[Drainage  area,  1,150  square  miles.] 


Month.. 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Run-oflf. 

Maxi- 

1 1 1 11X11 . 

Mini- 

iTi  n  Tin 

111  \Xl±X» 

Mean. 

Depth  in 

J.JJv'XiwS* 

Second- 
feet  per 

mile. 

1896. 

September  

11 

2 

5 

298 

0. 004 

0.  004 

October  

15 

8 

10 

605 

0. 010 

0.009 

November  

28 

11 

22 

1,279 

0.021 

0. 019 

December  

79 

11 

36 

2,190 

0. 036 

0.  031 

1897. 

January   

Ol7 

9 

91 

1,  291 

n  ni  8 

February   

71 

28 

48 

2,  666 

0.043 

0. 042 

March  

641 

28 

119 

1,  317 

0. 119 

0. 104 

A  T^fl  1 

1,  021 

113 

535 

0.  520 

0.  466 

May  

1,  327 

852 

1,  064 

65,  423 

1. 067 

0.  926 

June  

945 

252 

553 

32,  906 

0.  537 

0.481 

July  

334 

59 

164 

10, 084 

0. 164 

0. 142 

August  

120 

3 

28 

1,  722 

0. 028 

0. 024 

September  

8 

3 

5 

298 

0. 004 

0.  004 

October  

53 

8 

31 

1,  906 

0.031 

0.027 

November  

170 

42 

59 

3,  511 

0.058 

0.052 

December  

102 

19 

65 

3,  997 

0.  065 

0.056 

The  year  

1,  327 

2 

224 

162,  956 

2.657 



0. 195 

JAN. 
10  20 


FEB 
10  20 


MARCH 

10  20 


APKIL 
10  20 


MAY 

10  20 


JUNE 
10  20 


JULY 
10  20 


AUG. 
10  20 


SEPT. 
10  20 


OCT. 
10  20 


NOV 
10  20 


DEC. 
10  20 


Sec.-fl. 
500 

0 

2, 000 
1,500 
1,000 

500 
0 


/<?S7 


Fig.  152.— Discharge  of  South  Fork  of  Humboldt  Elver  at  Mason's  ranch,  Nevada,  1896  and  1897. 
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WATERSHED  OF  GREAT  SALT  LAKE. 

This  watershed  is  in  the  extreme  eastern  portion  of  the  great  interior 
basin  of  the  United  States.  It  receives  principally  the  drainage  of 
the  Wasatch  Mountains,  the  range  extending  in  a  north  and  south 
direction  through  the  central  portion  of  TJtah.  The  area  to  the  east  is 
drained  by  the  tributaries  of  Colorado  River,  which  flows  into  the  Gulf 
of  California.  Gaging  stations  have  been  maintained  on  the  follow- 
ing rivers  tributary  to  Great  Salt  Lake :  Battle  Creek  and  Collinston, 
on  Bear  River;  Logan  station,  on  Logan  River;  Ogden  station,  on 
Ogden  River;  Uinta  station,  on  Weber  River;  and  Provo  station,  on 
Provo  River.  There  is  also  a  station  at  Geneva,  where  a  record  of  the 
fluctuations  of  Utah  Lake  is  kept.  The  field  work  in  1897  at  the  above- 
named  stations  is  described  in  Water-Supply  and  Irrigation  Paper 
No.  16,  pp.  157-163,  inclusive. 

BEAR  RIVER. 

Bear  River  rises  in  Summit  County,  Utah,  and  flows  in  a  general 
northerly  direction,  swinging  back  and  forth,  first  into  Wyoming  and 
then  into  Utah.  It  then  enters  Idaho,  receives  the  drainage  of  Bear 
Lake,  and  finally  returns  to  Utah  again,  entering  it  through  Cache 
Valley.  This  valley  is  level  and  fertile,  well  adapted  to  irrigation,  and 
much  of  the  land  is  under  cultivation.  Many  canals  take  water  from 
the  tributaries  of  Bear  River,  as  Cub  Creek,  Logan  River,  Black- 
smith Fork,  and  Little  Bear  River,  which  drain  the  western  slope  of 
the  Wasatch  Range. 

About  39,000  acres  are  at  present  irrigated  in  Cache  Valley,  13,000 
acres  of  this  being  under  the  canals  from  Logan  River.  Comparing 
this  latter  acreage  with  the  amount  of  water  used  upon  it  during  the 
four  months  from  June  to  September,  inclusive,  it  is  found  that  the 
duty  of  water  is  80  acres  to  the  second-foot.  The  aggregate  maximum 
capacity  of  the  canals  from  Logan  River  is  200  second-feet.  They  do 
not  carry  this  amount,  however,  throughout  the  irrigating  season.  For 
a  more  detailed  account  of  irrigation  in  this  valley  see  a  recent  paper 
on  Seepage  Waters  of  Northern  Utah,  by  Samuel  Fortier.^ 

Bear  River  leaves  Cache  Valley  through  a  long  canyon  and  enters 
Boxelder  County,  through  which  it  flows  in  a  southerly  direction  to 
Great  Salt  Lake.  Battle  Creek  gaging  station  is  located  at  the  head 
of  Cache  Valley. 


•Seepage  waters  of  northern  Utah,  by  Samuel  Fortier:  Water-Supply  and  Irrigation  Paper  No.  7, 
U.  S.  Geol.  Survey,  1897. 
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Rating  table  for  Bear  Biver  at  Battle  Creek,  Idaho,  for  1897. 


Gage 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
heiffht. 

Discharge. 

Gage 

Discharge. 

Feet. 

Spcnnd-feet 

Feet. 

Second- feet 

Feet. 

Sipc.nTi.d,'  fppt 

Feet. 

1.0 

400 

2.2 

1,  434 

3.4 

2,  850 

4.6 

4,  700 

1.2 

505 

2.4 

1,  670 

3.6 

3,  086 

4.8 

5, 100 

1.4 

625 

2.6 

1,  906 

3.8 

3,  322 

5.0 

5,  500 

1.6 

780 

2.8 

2, 142 

4.0 

3,  570  ■ 

5.2 

5,  900 

1.8 

970 

3.0 

2,  378 

4.2 

3,  910 

5.4 

6,  300 

2.0 

1, 198 

3.2 

2,  614 

4.4 

4,  300 

Estimated  monthly  discharge  of  Bear  River  at  Battle  Creek,  Idaho. 

[Drainage  area,  4,500  square  miles.] 


Month. 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Run -off. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1897. 

January   

a  950 

58, 414 

0.  24 

0.21 

February   

a  870 

48,  317 

0.  20 

0. 19 

March  

tt  900 

55,  339 

0.  23 

0.  20 

4, 

300 

198 

2,  923 

173,  930 

0.  72 

0.65 

6, 

100 

3, 

570 

5,  062 

311,  252 

1.  29 

1.12 

June  

5, 

500 

1, 

847 

3,  593 

213,  798 

0.  89 

0.  80 

July  

1, 

788 

970 

1,  335 

82,  086 

0. 35 

0. 30 

870 

780 

838 

51, 527 

0.  22 

0. 19 

September  

970 

780 

789 

46,  949 

0.  20 

0. 18 

October  

1, 

434 

780 

1,115 

68,  559 

0. 29 

0. 25 

November  

1, 

316 

1, 

080 

1, 127 

67,  061 

0. 28 

0.25 

December  

1, 

080 

780 

979 

60, 197 

0.  25 

0.22 

The  year  

1,  707 

1, 237,  429 

5. 16 

0.  38 

a  Approximate. 


» 
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JAN 

10  20 


FEB. 
10  20 


MARCH 
10  20 


APRIL 
10  20 


MAY 

10  20 


JUNE 
10  20 


JULY 
IC  20 


AUG. 
10  20 


SEPT. 
10  20 


OCT 
10  20 


NOV 
10  20 


DEC. 
10  20 


Sec.-ft. 
12,  000 

11, 000 

10,  000 

9,  000 

8,  000 

7,  000 

6, 000 

5, 000 

4, 000 

3, 000 

2,  000 

1, 000 

0 


Fig.  153. — Discharge  of  Bear  River  at  Battle  Creek,  Idaho,  1897. 


LOGAN  RIVER. 

The  station  on  Logan  Eiver  is  located  at  the  mouth  of  the  canyon,  3 
miles  east  of  the  city  of  Logan,  and  is  above  the  head  of  all  canals  taking 
water  from  it  except  the  Logan,  Hyde  Park,  and  Smithfield  canal. 

Mating  tahle  for  Logan  River  at  Logan,  Utah,  for  1897. 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

2.4 

135 

3.1 

415 

3.8 

800 

4.5 

\,  451 

2.5 

165 

3.2 

460 

3.9 

895 

4.6 

1,  544 

2.6 

205 

3.3 

505 

4.0 

986 

4.7 

1,  637 

2.7 

245 

3.4 

555 

4.1 

1,  079 

4.8 

1,  730 

2.8 

285 

3.5 

610 

4.2 

1, 172 

4.9 

1,  823 

2.9 

325 

3.6 

665 

4.3 

1,  265 

5.0 

1,916 

3.0 

370 

3.7 

725 

4.4 

1,  358 
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Estimated  montMy  discharge  of  Logan  Biver  at  Logan,  Utah. 

[Drainage  area,  218  square  miles.] 


Mouth. 

Discharge  in  second-feet. 

Total  m  acre- 
feet. 

Run-ofF. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  m 
inches. 

Second- 
feet  per 
square 
mile. 

1897. 

a  150 

9,  223 

0.  79 

0.  69 

February   

a  150 

8, 331 

0.  72 

0.  69 

March  

«150 

9,  223 

0.  79 

0.  69 

April  

760 

150 

317 

18,  863 

1.67 

1.45, 

May  

1,  823 

760 

1,  264 

77,  721 

6.69 

5.80 

June  

1,  684 

637 

990 

58,  909 

5.07 

4.  54 

July    

665 

392 

493 

30,  314 

2.  61 

2.26 

392 

265 

330 

20,  291 

1.74 

1.51 

September  

325 

265 

270 

16,  066 

1.38 

1.24 

October  

285 

245 

264 

16,  233 

1.39 

1.21 

November  

245 

225 

232 

13,  805 

1.18 

1.06 

December  

225 

150 

188 

11,  560 

0.  99 

0. 86 

400 

290,  539 

25.02 

1.83 

a  Approximate,  on  account  of  interference  of  ice. 


JAN 
10  20 

FEB 
10  20 

MARCH 
10  20 

APRIL 
10  20 

MAY 

iO  20 

JUNE 
10  20 

JULY 
10  20 

AUG 

10  20 

SEPT 
10  20 

OCT 
10  20 

NOV. 
10  20 

DEC. 
10  20 

a 

a 

o 

Sec.-ft. 
4, 000 

3, 000 
2, 000 

1, 000 
0 

a  Approximate. 
Fig.  154. — Discharge  of  Logan  Eiver  at  Logan,  Utah,  1897. 

BEAR  RIVER  BELOW  LOGAN  RIVER. 

The  station  on  Bear  River  at  Oollinston,  Utah,  is  located  in  the  canyon 
of  the  river  about  2  miles  below  the  diversion  dam  of  Bear  Eiver  canal. 

Bating  table  for  Bear  Biver  at  Collinston,  Utah,  for  1897. 


Gage 
height. 

Discharge 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

1.0 

110 

2.4 

1,  910 

3.8 

3,  800 

5.2 

6,  910 

1.2 

840 

2.6 

2, 170 

1  4.0 

4, 180 

5.4 

7,  370 

1.4 

930  i 

2.8 

2,  430 

4.2 

4,  610 

5.6 

7,  830 

1.6 

1, 050  i 

3.0 

2,  690 

4.4 

5,  070 

5.8 

8,  290 

L8 

1,230 

3.2 

2,  950 

4.6 

5,  530 

6.0 

8,  750 

2.0 

1,  440 

3.4 

3,210 

4.8 

5,  990 

6.5 

9,  900 

2.2 

1,  670 

3.6 

3,  490 

5.0 

6,  450 

7.0 

11,  050 
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Estimated  monthly  discharge  of  Bear  Eiver  at  ColUnston,  Utah. 
[Drainage  area,  6,000  square  miles.] 


Montli. 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Run-otF. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second - 
feet  per 
square 
mile. 



1897. 

January   

1,  670 

1,050 

1,  429 

87,  866 

0.  28 

0.  24 

February   

1,  670 

1,  440 

1,  466 

81, 418 

0.  25 

0. 24 

March  

1  AACi 

97,  274 

0  30 

0  26 

April   

8,  980 

1,790 

5,  822 

346,  432 

1.08 

0.  97 

May  

10,  590 

8,  520 

9,  566 

588, 194 

1.  OO 

1.  'OV 

June  

9,  440 

2,  690 

5,  637 

335, 424 

1.04 

0.94 

July  

2,  690 

1, 130 

1, 807 

111,  109 

0.35 

0.30 

August  

1, 130 

990 

1,  082 

66,  530 

0.21 

0. 18 

September  

1,  330 

1,  050 

1,  224 

72,  833 

0.  22 

0.  20 

October  

2,  040 

1,280 

1,  769 

108,  772 

0.  33 

0. 29 

November  

1,  670 

1,230 

1,  351 

80,  390 

0.  26 

0.  23 

December  

2,  235 

1,  280 

1,  626 

99,  979 

0. 31 

0. 27 

The  year  

10,  590 

990 

2,  863 

2,  076,  221 

6.46 

0. 48 

riG.  155.— Discharge  of  Bear  River  at  Collinston,  Utah,  1897. 
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OGDEN  RIVER. 

Measurements  of  this  stream  were  formerly  made  at  the  head  of  the 
canyon  below  the  mouth  of  the  North  Fork.  During  the  latter  part 
of  189G,  however,  the  dam  of  the  Pioneer  Electric  Power  Company, 
located  about  1  mile  below  this  point,  was  completed,  backing  up 
the  water  and  necessitating  the  abandonment  of  the  station.  A  new 
one  was  therefore  established  in  the  canyon  about  4  miles  below, 
near  the  site  of  an  old  powder  mill.  The  water  diverted  by  the  power 
company,  the  amount  of  which  is  not  included  in  the  following  tables, 
enters  a  6-foot  wooden  pressure  pipe  and  is  conducted  down  to  the 
electric  works  of  the  company  at  the  mouth  of  the  canyon.  The  energy 
here  developed  is  distributed  to  Ogden  and  Salt  Lake  City.  A  full 
description  of  this  power  plant  is  given  in  Transactions  of  the  Amer- 
ican Society  of  Civil  Engineers,  Vol.  XXXVIII,  pp.  246-314.  From 
this  publication  the  following  facts  have  been  obtained: 

It  is  proposed  to  erect  a  concrete  dam,  the  foundations  of  which,  to 
reach  bed  rock,  will  be  placed  to  a  depth  of  40  feet  beneath  the  surface 
of  the  ground,  while  the  top  will  be  60  feet  above  the  j)resent  surface, 
making  a  total  height  of  100  feet,  and  the  length  on  the  crest  will  be 
400  feet.  This  will  back  up  water  for  several  miles  into  the  valley 
above  the  canyon,  forming  a  storage  reservoir  of  2,000  acres.  A  waste 
weir  will  be  provided  by  excavating  the  rock  on  the  north  wall  of  the 
canyon,  and  water  will  be  taken  out  through  the  tunnel  already  driven 
in  the  south  wall.  Pending  the  erection  of  this  large  storage  dam  a 
temporary  dam  has  been  built  by  which  water  is  diverted  into  the 
tunnel. 

From  this  tunnel  a  wooden  stave  pipe,  6  feet  in  internal  diameter, 
has  been  completed  through  the  canyon  for  a  length  of  27,000  feet.  A 
view  of  this  pipe  is  given  and  the  method  of  its  construction  illustrated 
in  PI.  XL.  This  pipe  is  laid  along  the  wall  of  the  canyon,  and  is  sup- 
ported in  a  trench  cut  in  the  wall  or  by  short  bridges  or  trestles  when 
crossing  ravines.  The  hydraulic  grade  is  2  feet  per  thousand,  a  slope 
which  is  estimated  to  correspond  to  the  friction  in  the  pipe.  The  pipe 
is  built  of  Douglas  fir,  in  this  respect  differing  from  most  of  the  other 
wooden  pipes  used  in  the  West,  these  being  made  of  California  red- 
wood. It  terminates  in  a  riveted  steel  pipe,  which  descends  a  steep 
incline  for  a  distance  of  4,600  feet  to  the  power  house.  The  maximum 
hydrostatic  head  on  the  wooden  pipe  will  be  170  feet,  giving  a  pressure 
of  50  pounds  per  square  inch,  while  on  the  steel  pipe  it  is  upward  of 
200  pounds  per  square  inch  at  the  lower  end.  The  pipe  is  provided 
with  air  valves  and  also  with  suitable  valves  for  emptying  the  pipe  and 
removing  accumulations  of  sand  or  other  material.  The  capacity  is 
estimated  to  be  250  cubic  feet  per  second  with  a  full  reservoir,  which 
corresi)onds  to  a  velocity  of  9  feet  per  second  in  the  6- foot  pipe.  The 
hydrostatic  head  from  the  flow  line  of  the  reservoir  when  full  to  the 
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center  of  the  receivers  in  the  power  house  will  be  516  feet.  Taking 
the  effective  head  at  440  feet,  the  gross  available  horsepower  will  be 
about  12,500.  The  water  is  delivered  against  wheels  of  the  Knight 
pattern,  58  inches  in  diameter,  with  a  capacity  of  1,200  horsepower 
each  at  300  revolutions  i^er  minute.  The  dynamos  are  three-i^hase 
alternating  current  generators.  They  give  an  output  of  750  kilowatts 
at  300  revolutions  per  minute.  The  voltage  is  raised  by  step-up  trans- 
formers from  2,300  to  16,100,  and  is  thus  transmitted  by  lines  38  miles 
in  length  to  Salt  Lake  City,  where  the  voltage  at  13,800  is  by  step- 
down  transformers  reduced  to  2,300,  which  is  also  the  current  of  the 
local  line  at  Ogden.  The  water  passing  from  the  power  house  returns 
to  the  stream,  from  which  it  may  be  diverted  to  irrigate  lands  below. 

The  following  table  gives  the  list  of  discharge  measurements  made 
on  Ogden  River  at  Ogden,  Utah.  The  principal  facts  are  also  shown 
in  fig.  156  on  page  438,  in  which  vertical  distances  represent  height 
of  water  on  the  gage,  and  horizontal  distances  show  the  quantity  of 
discharge.  The  plotted  points  obtained  by  measurement  are  shown  by 
the  small  circles,  which  are  numbered  to  correspond  with  the  figures  in 
the  left-hand  column  of  the  table.  Near,  or  through  these,  is  drawn 
a  smooth  curve  from  which  the  values  for  the  rating  table  have  been 
obtained. 


List  of  discharge  measurements  made  on  Ogden  River,  at  Ogden,  Utah. 


No. 

Date. 

Hydrograplier. 

Meter 
num- 
ber. 

Grage 
height.  1 

Area  of 
section. 

Mean 
velocity. 

Dis- 
charge. 

1897. 

Feet  per 

Feet. 

Sq.feet. 

second. 

Sec. feet. 

1 

May  11 

W.  B.  Dougall  

106 

6.  69 

357 

5.29 

1, 890 

2 

May  26 

 do  

7 

5.79 

264 

5.39 

1, 423 

3 

June  2 

 do  

7 

4.79 

176 

3.  88 

682 

4 

June  26 

 do  

106 

3.  25 

116 

1.47 

170 

5 

July  30 

S.  Fortier  

10 

2.80 

96 

0.  71 

74 

6 

Sept.  1.5 

 do  

10 

2.61 

93 

0. 55 

51 

7 

Oct.  15 

T.  H.  Humphreys  .  , . 

2,  68 

100 

0. 78 

78 
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Feet. 
6 


Ye 

^•o-oo  o  oo           o           oo           oo  o 

oo  o  oo           o           oo  ooo 

jC^                 TfiCO  00  O'M                                    CO                CO  OIM-^ 

03  rAy-^T^-Ar^C^Z^zi 


Fig.  156.— Hating  curve  for  Ogden  station  on  Ogden  River,  Utali, 


Bating  table  for  Ogden  River  at  Ogden,  Utah,  for  1897. 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

2.0 

15 

3.4 

203 

4.8 

690 

6.2 

1,  749 

2.2 

25 

3.6 

250 

5.0 

837 

6.4 

1,  901 

2.4 

35 

3.8 

300 

5.2 

989 

6.6 

2,  053 

2.6 

55 

4.0 

360 

5.4 

1, 141 

6.8 

2, 205 

2.8 

85 

4.2 

420 

5.6 

1,  293 

7.0 

2,  357 

3.0 

120 

4.4 

490 

5.8 

1, 445 

3.2 

160 

4.6 

575 

6.0 

1,  597 
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Estimated  monthly  discharge  of  Ogden  Iliver  at  Ogden,  Utah. 
[Drainage  area,  360  square  miles.] 


Month. 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Run-off. 

Maxi- 

1X1  Ll  111  • 

Mini- 

in  n  lYi 

HI  1  lllj  > 

Mean. 

Depth  in 

SArniifl  - 

V.  ^  1-1  \4 

feet  per 
mile. 

1897. 

May  10-31  

2,  433 

837 

1,  766 

77, 066 

4.02 

4.91 

June  

761 

203 

379 

22,  552 

1.17 

1.  05 

July  

250 

70 

90 

5, 534 

0. 29 

0.  25 

August  

70 

55 

56 

3,  443 

0. 18 

0. 16 

September  

70 

55 

57 

3,  392 

0. 18 

0. 16 

October  

85 

55 

72 

4, 427 

0.  23 

0.  20 

November  

85 

55 

70 

4, 165 

0.21 

0. 19 

December  

70 

30 

52 

3, 197 

0. 16 

0. 14 

JAN. 
10  20 

FEB. 
10  20 

MARCH 

10  20 

APRIL 
10  20 

MAY 

10  20 

JUNE 
10  20 

JULY 
10  20 

AUG 
10  20 

SEPT 
10  20 

OCT 
10  20 

NOV 

10  20 

DEC. 
to  20 

\ 

i 

L 
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Fig.  157.-  Di.scharge  of  Ogden  River  at  Ogden,  Utah,  1897. 
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WEBER  RIVER. 

The  gaging  station  on  Weber  River  is  located  in  the  canyon  imme- 
diately above  the  narrows  known  as  Devils  Gate. 

Bating  table  for  Weber  River  at  Uinta,  Utah,  for  1897. 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

G-age 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

1.0 

130 

2.6 

1,  070 

4.2 

2,  534 

5.8 

4, 198 

1.2 

190 

2.8 

1,  220 

4.4 

2,  742 

6.0 

4,  406 

1.4 

260 

3.0 

1,  380 

4.6 

2,  950 

6.2 

4,  614 

1.6 

355 

3.2 

1,  540 

4.8 

3, 158 

6.4 

4,  822 

1.8 

475 

3.4 

1,  720 

5.0 

3,  366 

6.6 

5,  030 

2.0 

620 

3.6 

1,910 

5.2 

3,  574 

6.8 

5,  238 

2.2 

770 

3.8 

2,118 

5.4 

3,  782 

7.0 

5,  446 

2.4 

920 

4.0 

2,  326 

5.6 

3,  990 

Estimated  monthly  discharge  of  Weber  Biver  at  Uinta,  Utah. 
[Drainage  area,  1,600  square  miles.] 


Month, 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Sun-ofif. 

Maxi- 
mum, 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1897. 

January  

305 

260 

290 

17,  832 

0.  21 

0. 18 

February   

305 

260 

294 

16,  328 

0. 19 

0, 18 

March  

1. 

182 

260 

462 

28,  469 

0.  33 

0. 29 

April  

4, 

094 

695 

2,  255 

134, 182 

1.57 

1.41 

May  

5, 

342 

2,  586 

4,  012 

246,  690 

2.  90 

2.51 

June  

2, 

742 

282 

1,223 

72,  773 

0.  84 

0.  76 

July  -  

190 

160 

175 

10,  760 

0. 13 

0. 11 

August  

160 

160 

160 

9,  838 

0. 12 

0. 10 

September  

355 

160 

209 

12,  436 

0. 14 

0. 13 

October  

475 

355 

462 

28,  407 

0.  33 

0. 29 

November  

415 

355 

395 

23,  504 

0.  28 

0. 25 

December  

355 

282 

339 

20,  844 

0.  24 

0.21 

The  year  

342 

160 

856 

622,  064 

7.  28 

0..54 
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SEPT 
10  20 
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10  20 
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10  20 


DEC. 
10  20 


Sec.-ft. 
12, 000 

11,000 

10,  000 

9,  000 

8,  000 
7,000 
6, 000 
5,  000 
4,000 
3,  000 
2,  000 
1,  000 
0 


Fig.  158.— Discharge  of  Weber  River  at  Uinta,  Utah,  1897. 


PROVO  RIVER. 

A  second  power  project  in  Utah  has  recently  been  completed  on 
Provo  Kiver.  Water  is  diverted  about  10  miles  above  in  the  canyon 
and  is  brought  down,  not  in  a  pipe,  as  on  Ogden  Eiver,  but  in  a  flume 
of  semielliptical  form,  patented  by  Mr.  Guy  Sterling,  similar  to  the 
Santa  Ana  flume,  in  southern  California.  A  number  of  improvements 
have  been  introduced  in  this  later  construction,  especially  in  the  iron 
braces  and  methods  of  tightening  them.  At  the  mouth  of  the  canyon 
where  the  power  works  are  located  a  head  of  something  over  300  feet  is 
attained.  The  object  of  this  plant  is  the  development  of  electric  power 
to  be  used  in  the  mines  southwest  of  Provo. 

Hating  tahle  for  Provo  Eiver  at  Provo  Canyon,  Utah,  for  1897. 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

4.0 

225 

4.7 

636 

5.4 

1, 168 

6.1 

1,  720 

4.1 

265 

4.8 

712 

5.5 

1,  244 

6.2 

1,820 

4.2 

310 

4.9 

788 

5.6 

1,  320 

6.3 

1,  940 

4.3 

360 

5.0 

864 

5.7 

1,  396 

6.4 

2, 120 

4.4 

415 

5.1 

940 

5.8 

1,  472 

6.5 

2,  350 

4.5 

485 

5.2 

1,  016 

5.9 

1,  548 

6.6 

2,  600 

4.6 

560 

5.3 

1,  092 

6.0 

1,625 
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Estimated  monthly  ducliarge  of  Provo  Elver  at  Provo  Canyon,  Utah. 

[Drainage  area,  640  scjuare  miles.] 


Month. 


1897. 

January  

February 

March  

April  

May  

June  

July  

August  

September  . 

October  

November  . . 
December  . . 


The  year 


Discharge  in  second-feet. 


Maxi- 
mum. 


1,  320 

2,  600 
1,  472 

360 
225 
415 
485 
485 
415 


Mini- 
mum. 


712 
1,  320 
360 


225 
225 
415 
360 
360 


Mean. 


a  400 
a  500 
a  415 
856 
1,  856 
796 
295 
225 
260 
449 
433 
372 


571 


Total  in  acre- 
feet. 


24,  595 
27,  769 

25,  518 
50,  935 

114, 122 
47,  365 
18, 139 
13,  835 
15,  471 
27, 608 
25,  765 
22,  874 


413, 996 


Run -off. 


Depth  in 
inches. 


0.  71 
0.81 
0.  75 
1.50 
3.  35 
1.38 
0. 53 
0. 40 
0.  46 
0.81 
0.  75 
0.  67 


12. 12 


Second - 
feet  per 
square 
mile. 


0.  62 
0.  78 
0.  65 
1.34 
2.  90 
1.24 
0.  46 
0. 35 
0.  41 
0. 70 
0.  68 
0. 58 


0.  89 


a  Approximate. 


JAN. 
10  20 


FEB. 
10  20 


MARCH 
10  20 


APRIL 
10  20 


MAY 
10  20 


JUNE 
10  20 


JULY 
10  20 


AUG. 
10  20 


SEPT. 
10  20 


OCT. 
10  20 


NOV. 
10  20 


DEC. 
10  20 


Sec.-ft. 
6,  000 

5,  5U0 
5,000 
4,500 
4,  000 
3,  500 
3,  000 
2,  500 
2,  000 
1,  500 
1,  000 
500 
0 


¥ui.  159. — Discharge  of  Provo  Kiver  at  Provo  Canyou,  Utah,  1897. 
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UTAH  LAKE. 

Utah  Lake  receives  the  surplus  waters  and  seepage  from  Provo 
aud  neighboring  rivers  flowing  from  the  Wasatch  Mountains.  The 
peculiar  conditions  existing  there  have  been  described  in  a  general  way 
in  the  Twelfth  Annual  Report,  Part  II,  on  x)ages  334  to  339,  and  also  in 
the  Eighteenth  Annual  Report,  Part  IV,  on  pages  327  to  330.  In  the  lat- 
ter volume  are  given  the  results  of  fragmentary  observations  made  by 
Mr.  James  Aitken,  from  February,  1889,  to  August,  1896,  On  ^^ovem- 
ber  6  of  the  latter  year  a  station  was  established  at  Geneva,  Utah,  3 
miles  south  of  American  Fork.  The  results  of  the  observations  at  this 
point  for  1897  are  given  in  Water- Supply  and  Irrigation  Paper  No. 
16,  on  page  163. 

In  the  early  part  of  1896  the  Mount  Nebo  Irrigation  Company  com- 
pleted a  reservoir  and  canal  to  irrigate  lands  in  the  vicinity  of  Goshen, 
Utah,  south  of  Utah  Lake.  A  dam  30  feet  in  height  has  been  placed 
on  Currant  Creek,  forming  a  reservoir  5  miles  long,  with  the  following 
capacities : 

Area  and  capacity  of  Currant  Creek  reservoir. 


Elevatiou  above  sea  level. 


Feet. 

4,888  (proposed)  

4,883  (present)  

4,875  

4,867   

4,859  (bottom  of  reservoir)  . 


Area. 


Acres. 
2,413 
1,  847 
1,  062 
496 


Capacity, 


Acre-feet. 
29,  890 
19,  250 
7,  850 
2,  000 


The  regulating  works,  where  water  is  diverted  into  the  canal,  are 
located  2  miles  below  the  dam.  For  the  first  mile  down  the  creek 
bottom  the  construction  combines  canal,  flume,  and  wooden  pipe,  but 
after  that  it  leaves  the  river,  and  then  the  main  canal  is  10  feet  wide  on 
the  bottom.  It  glasses  around  the  head  of  Kimball  Creek  Valley^  irri- 
cgating  lands  within  that  area.  It  crosses  the  dry  channel  of  Kimball 
Creek  and  one  or  two  other  channels  by  means  of  flumes.  The  total 
length  of  the  main  canal  is  13  miles.  The  East  Side  canal  is  taken 
out  IJ  miles  below  the  head  of  the  main  canal.  This  canal  crosses  Cur- 
rant Creek  and,  passing  around  a  high  sand  ridge  immediately  south 
of  Goshen,  irrigates  land  southeast  of  this  town.  Its  total  length  is 
6.J  miles.  Goshen  is  4J  miles  south  ot  the  southern  end  of  Utah  Lake. 
The  elevation  of  the  bottom  of  the  reservoir  is  4,859  feet  above  sea 
level.    The  elevation  ot  the  crest  of  the  dam  is  1,888  feet. 

This  company  is  compelled  to  allow  a  certain  amount  of  water  to  pass 
its  head  gates  down  the  creek  in  order  to  satisfy  prior  appiopriators. 
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This  includes  an  amount  for  Draper's  mill,  for  small  ditches  below,  and 
an  amount  sufficient  to  fill  Goshen  reservoir,  a  small  reservoir  2  miles 
west  of  the  town  of  Goshen.  After  satisfying  these  prior  claims,  the 
company  has  water  and  storage  capacity  sufficient  to  supply  its  lands. 

The  following  facts  are  taken  from  Engineering  Kews :  ^  The  dam  is 
210  feet  long  at  the  top,  130  feet  at  the  t)ottom,  and  30  feet  high.  Its 
width  at  the  base  is  110  feet  and  at  the  top  8  feet.  The  body  of  the 
dam  is  of  selected  clay.  The  back  and  face  are  lined  with  loose  rock 
and  heavy  gravel,  hand  placed.  The  outlet  tunnel  is  a  cut  through 
the  solid  rock  of  the  west  abutment  of  the  dam.  It  is  140  feet  long 
and  6  by  4.5  feet  in  cross  section.  The  wasteway  is  a  cut  through  the 
solid  rock  ridge  of  the  east  abutment.  The  dam  and  all  appurtenances 
except  the  wasteway  cost  about  $12,000.  The  inlet  tunnel  cost  $7.85 
per  linear  foot. 

The  fluming  used  is  a  new  and  unusual  type,  being  of  the  Sterling 
patented  semielliptical  style  shown  in  PI.  XLI.  At  the  junction  of  the 
main  canal  and  the  East  Side  canal  the  former  has  a  capacity  of  120 
second-feet  and  the  latter  a  capacity  of  30  second-feet. 

COLUMBIA  BASm. 
SNAKE  RIVER. 

Snake  River  is  one  of  the  most  imj^ortant  streams  in  the  West,  both 
for  its  water  supply  and  for  the  area  of  irrigable  land  adjacent  to  it.  It 
has  its  source  in  the  Yellowstone  National  Park,  and  flows  southward 
through  Jackson  Lake,  receiving  many  large  tributaries  from  each 
side,  which  drain  almost  inaccessible  mountain  ranges  in  western 
Wyoming.  A  measurement  of  Snake  River  was  made  by  Messrs. 
Elwood  Mead  and  0.  T.  Johnston,  September  5,  1897,  at  the  outlet  of 
Jackson  Lake,  and  the  discharge  was  found  to  be  745  second-feet.  A 
number  of  very  fine  reservoir  sites  are  located  in  this  section  of  the 
drainage  basin,  but  it  will  be  some  time  before  it  is  necessary  to  utilize 
them,  on  account  of  the  abundant  water  supply  in  the  river.  The  IS^orth 
Fork  has  its  source  in  Henry  Lake,  a  few  miles  west  of  the  western 
boundary  line  of  Yellowstone  National  Park.  It  flows  southward, 
receiving  as  its  principal  tributaries  Fall  and  Teton  rivers,  which  drain 
the  western  slope  of  the  Teton  Range  of  mountains,  and  joins  the  main 
river  near  Market  Lake,  Idaho. 

The  largest  body  of  irrigated  land  in  the  State  is  located  near  the  junc- 
tion of  the  North  Fork  and  the  main  river.  Little  irrigation  is  practiced 
north  of  Fall  River,  but  south  of  that  place  many  canals  are  taken  out. 
The  largest  systems,  however,  are  from. the  main  Snake  River,  irrigat- 
ing land  lying  near  and  north  of  Idaho  Falls.  Willow  Creek  is  a  small 
tributary,  but  is  important  both  for  its  natural  flow,  which  is  all  appro- 
priated, and  for  its  use  as  a  distributary  for  a  number  of  canals  which 


1  Engineering  News,  Vol.  XXXVI,  No.  23,  December  3,  1896. 
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take  water  from  the  main  river.  Two  of  the  principal  irrigation  systems 
from  the  Snake  above  the  North  Fork  are  the  Eagle  Eock  and  Willow 
Creek  canal  and  the  Farmers  Friend  canal.  The  largest  canals  from  the 
main  river  below  the  i^^orth  Fork  head  near  Bear  Island  on  either  side, 
the  Great  Western  taking  water  from  the  west  side  and  the  Idaho  canal 
taking  water  from  the  east  side.  This  latter  company  also  has  head- 
works  on  Snake  Eiver,  above  the  mouth  of  North  Fork,  and  is  one  of 
the  companies  that  use  Willow  Creek  for  a  part  of  its  length  as  a  dis- 
tributary. During  the  last  two  years  this  company  has  had  tbe  con- 
tract from  the  Government  for  the  construction  of  an  irrigation  system 
for  the  Fort  Hall  Indian  Reservation.  The  project  includes  the  con- 
struction of  two  canals  on  the  reservation  and  the  furnishing  of  water 
to  the  same  from  Snake  River.  This  is  accomplished  by  turning  the 
water  into  the  Blackfoot  River  and  diverting  it  again  about  10  miles 
below  by  means  of  two  diversion  dams.  The  upper  one  supplies  water 
to  the  High  Line  canal,  used  in  the  vicinity  of  Ross  Fork,  with  a  pos- 
sible extension  to  Pocatello.  The  second  one,  2  miles  below,  supplies 
water  to  an  old  Indian  ditch,  from  which  has  been  taken  a  lateral  con- 
structed by  the  Indians  themselves.  By  contract  the  company  was  to 
furnish  200  second-feet  to  the  lower  canal,  and  it  fulfilled  its  contract 
in  the  fall  of  1897.    The  upper  system  is  to  furnish  100  second-feet. 

At  the  request  of  the  State  engineer  and  of  the  engineers  of  the 
Idaho  Canal  Company  and  the  Fort  Hall  Indian  Reservation,  Mr. 
Cyrus  C.  Babb,  assistant  hydrographer,  made  a  measurement  of  the 
discharge  of  the  canal  at  three  different  stages,  the  results  to  be  consid- 
ered authoritative  by  the  two  interested  parties.  The  discbarge  was 
regulated  at  the  lower  head  gates,  and  the  measurements  were  made 
about  three-fourths  of  a  mile  below,  in  the  main  lateral,  as  it  is  called, 
about  200  feet  below  its  head.  The  measurements  were  made  October 
27,  1897.  With  the  water  at  a  low  stage,  giving  a  gage  height  of  1.0 
foot  on  the  rod  at  the  foot  of  the  drop,  the  discharge  was  137  second- 
feet.  The  medium  stage,  at  a  gage  height  of  1.5  feet,  gave  a  discharge  of 
207  second-feet.  The  maximum  capacity,  at  an  estimated  gage  height 
of  1.9  feet,  was  298  second-feet.  Immediately  at  the  head  of  this  lateral 
is  located  a  drop  of  2  feet,  at  the  lower  end  of  the  apron  of  which  has 
been  constructed  a  so-called  weir.  It  is  valueless  for  estimating  the  dis- 
charge on  account  of  the  velocity  of  the  water  which  passes  through  it. 
The  edge  of  the  weir  is  only  16  feet  below  the  drop.  During  the  high 
stage  of  the  canal,  when  the  last  discharge  measurement  was  made, 
the  water  overtopped  the  vertical  sides  of  the  weir. 

The  method  of  irrigation  in  the  vicinity  of  Idaho  Falls  is  very 
wasteful  of  water,  but  owing  to  the  abundant  supply  there  are  few 
difficulties  on  this  account  at  present.  The  low- water  flow  of  Snake 
River  at  Idaho  Falls  is  about  3,500  second-feet. 

Portneuf  River  is  an  important  tributary  of  Snake  River,  entering 
it  about  15  miles  west  of  Pocatello.  The  gaging  station  maintained 
for  the  last  year  is  located  at  Pocatello.    The  stream  is  an  important 
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one  for  irrigation  purposes,  one  or  two  irrigation  enterprises  having 
been  planned  from  it. 

Idaho  is  one  of  the  few  States  which  have  sought  to  take  advantage 
of  the  act  of  Congress  known  as  the  Carey  Act,  through  which  a  large 
body  of  irrigable  public  land  may  be  obtained  by  a  State.  The  main 
object  of  this  act  is  to  provide  for  the  reclamation  and  settlement  of  the 
desert  public  land,  and  to  secure  ultimately  to  the  settlers  the  absolute 
ownership  of  the  works  constructed  for  irrigation.  None  but  actual 
settlers  or  water  users  can  file  on  the  land. 

In  order  to  obtain  possession  of  the  lands  in  Idaho  the  State  passed 
laws  made  necessary  by  the  national  act.  As  a  result,  a  number  of 
enterprises  have  been  projected,  the  majority  of  them  planning  systems 
taking  water  from  Snake  Eiver.  In  this  connection,  the  State  made  a 
survey  of  a  canal  system  heading  at  a  point  on  Snake  Eiver  near  and 
south  of  Minidoka.  At  the  point  of  diversion  the  river  iiows  through 
a  relatively  narrow  gorge,  and  the  plan  contemplates  building  a  dam 
at  that  point  and  taking  water  from  both  sides. 

The  gaging  station  at  Montgomery  Ferry,  on  Snake  Eiver,  is  located 
a  few  miles  below  the  proposed  point  of  diversion.  It  is  described  in 
Water- Supply  and  Irrigation  Paper  No.  16,  p.  165.  The  low- water 
flow  is  about  4,500  second-feet,  an  excess  for  all  requirements  of  the 
above-mentioned  enterprise.  The  high-water  measurements  are  of  value 
as  giving  the  flood  discharges  used  in  computations  for  the  wasteways 
of  the  dam. 

A  large  area  of  irrigable  land  is  located  in  the  vicinities  of  Mountain 
Home  and  Orchard.  It  is  too  high  to  be  easily  served  from  Snake 
Eiver,  and  the  water  supply  for  it  will  have  to  come  from  smaller 
creeks  in  the  vicinity  or  from  the  tributaries  of  Boise  Eiver.  The 
Mountain  Home  Canal  and  Land  Company  has  a  reservoir  on  Eattle- 
snake  Creek,  3  miles  from  Mountain  Home.  Water  is  also  supplied  to 
it  from  Canyon  Creek  by  means  of  a  feeder  canal.  More  than  1,000 
acres  were  irrigated  during  the  last  year,  but  if  a  larger  water  supply 
could  beobtained  a  much  greater  area  could  be  brought  under  cultivation. 

A  fine  reservoir  site  is  located  on  Long  Tom  Creek  above  the  point  of 
diversion  of  the  feeder  canal  from  Canyon  Creek,  so  that  to  utilize  it 
water  will  have  to  be  brought  from  some  other  basin.  Boise  Eiver  is 
only  2  miles  north  of  the  central  jjortion  of  the  reservoir,  but  is  sepa- 
rated from  it  by  a  high  ridge.  The  river  is  also  850  feet  lower  than  the 
site,  so  that  a  feeder  canal  from  the  Boise  would  have  to  be  taken  out 
a  long  distance  above.  Preliminary  examinations  have  been  made  with 
the  idea  of  diverting  water  over  the  divide  to  Long  Tom  Creek  from 
the  following  tributaries  of  the  Boise :  Camas,  Cat,  Wood,  Louse,  and 
Lime  creeks.  An  inspection  of  the  topographic  maps  of  the  region 
tends  to  show  that  the  diversion  can  be  accomplished.  An  accurate  sur- 
vey, however,  should  be  made  to  determine  positively  its  practicability. 

A  gaging  station  was  maintained  on  Camas  Creek  in  1896,  and  the 
measurements  show  that  during  the  flood  discharge  23,500  acre-feet 
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are  available  for  storage.  It  is  difficult  to  say  whether  this  quautity  is 
the  average  of  a  series  of  years  or  not,  on  account  of  the  shortness  of 
the  record.  It  is  thought,  however,  that  it  is  somewhat  above  the 
average,  judging  from  the  flow  of  Boise  River  and  adjoining  basins. 

The  Orchard  Irrigation  Company  has  a  reservoir  located  on  Indian 
Creek,  the  outlet  of  which  is  closed  by  means  of  a  well-constructed 
earthen  dam  with  a  cement  core  wall.  The  surplus  water  of  Tenmile 
Creek  is  conducted  to  this  reservoir  by  means  of  a  feeder  canal.  Its 
capacity,  as  determined  by  the  survey  of  the  State  engineer's  office,  is 
1,500  acre-feet.  Water  rights,  as  shown  by  the  records  of  the  county 
office,  have  been  sold  for  over  8,000  acres. 


Bating  table  for  Snake  River  at  Montgomery  Ferry,  Idaho,  for  1897. 


Gage 
height. 

Discharge. 

;  Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second- feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

2.0 

4,  400 

4.2 

8,  000 

6.2 

16,  760 

8.5 

27,  800 

2.4 

4,  700 

4.4 

8,  600 

6.4 

17,  720 

9.0 

30,  200 

2  6 

4,  900 

4.6 

9,  200 

6.6 

18,  680 

9.5 

32,  600 

2.8 

5, 100 

4.8 

10, 100 

6.8 

19,  640 

10.0 

35,  000 

3.0 

5,  400 

5.0 

11,  000 

7.0 

20,  600 

10.  5 

37,  400 

3.2 

5,  800 

5.2 

11,  960 

7.2 

21,  560 

11.0 

39,  800 

3.4 

6,  200 

5.4 

12,  920 

7.4 

22,  520 

11.5 

42,  200 

3.6 

6,  600 

5.6 

13,  880 

7.6 

23,  480 

12.0 

44,  600 

3.8 

7,  000 

5.8 

14,  840 

7.8 

24,  440 

12.5 

47,  000 

4.0 

1,  400 

6.0 

15,  800 

• 

8.0 

25,  400 

13.0 

49, 400 

Estimated  monthly  discharge  of  Snake  River  at  Montgomery  Ferry,  Idaho. 

[Drainage  area,  22,600  square  miles.] 


Month. 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Run-oti'. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1897. 

a  5,  000 
a  5,  000 
a  5,  000 
6,  569 
33,  034 
30,  248 
10,  711 
5,  223 
4,  982 
a  5,  000 
a  5,  000 
a  5,  000 

307,  440 
277,  686 
307, 440 
390,  882 
2,  031, 195 
1,  799,  877 
658,  598 
321, 152 

296,  449 
307,  440 

297,  520 
307,  440 

0.  25 
0.  23 
0.  25 
0.  33 
1.68 
1.50 
0.  54 
0.  26 
0.  24 
0.  25 
0.  24 
0. 25 

0. 22 
0.  22 
0.  22 

0.  30 
1.46 

1.  34 
0.47 
0.  23 
0.  22 
0.  22 
0.  22 
0.  22 

April   

May  

June  

July  

August  

September  

10,  775 
47,  480 
45,  320 
16,  520 
5,  900 
5, 100 

5,  000 
11,  720 
16,  280 

6,  200 
4,  900 
4,  800 

The  year  

10,  064 

9,  334,  314 

6.  02 

0.  44 

a  Approximate. 
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Sec.-ft. 
60, 000 


a  Approximate. 

Fig.  160. — Discharge  of  Snake  River  at  Montgomery  Ferry,  Idaho,  1897. 


MALADE  AND  LITTLE  WOOD  RIVERS. 

Malade  and  Little  Wood  rivers  are  important  tributaries  of  Snake 
River  on  account  of  irrigation  possibilities  within  their  valleys.  More 
or  less  water  for  irrigation  on  a  small  scale  is  diverted  from  them.  If 
the  flood  flows  of  these  two  rivers  could  be  stored  a  considerable  tract 
of  irrigable  land  coald  be  brought  under  cultivation.  Gaging  stations 
on  these  rivers  are  located  at  Toponis,  described  in  Water- Supply  and 
Irrigation  Paper  No.  16,  p.  165. 


Rating  taMe  for  Malade  River  at  Toponis,  Idaho,  for  1897. 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

2.0 

0 

3.4 

320 

4.8 

1,  490 

6.2 

3,  020 

2.2 

10 

3.6 

460 

5.0 

1,  700 

6.4 

3,  240 

2.4 

20 

3.8 

600 

5.2 

1,  920 

6.6 

3,  460 

2.6 

45 

4.0 

740 

5.4 

2, 140 

6.8 

3,  680 

2.8 

80 

4.2 

910 

5.6 

2,  360 

7.0 

3, 900 

3.0 

130 

4.4 

1,090 

5.8 

2, 580 

3.2 

210 

4.6 

1, 290 

6.0 

2,  800 
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Estimated  monthly  discharge  of  MaJade  River  at  Toponis,  Idaho. 


[Drainage  area,  2,190  square  miles.] 


Month. 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Run-off. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Deptli  in 
inches. 

Second- 
feet  per 
square 
mile. 

1897. 

June  6-19  

2,  360 

390 

1,  455 

40,  404 

0.  346 

0.  664 

July  

1,  000 

80 

355 

21,  828 

0. 187 

0. 162 

August  

80 

0 

36 

2,  214 

0.  018 

0. 016 

September  

30 

0 

8 

476 

0. 004 

0.  004 

Bating  table  for  Little  Wood  River  at  Toponis,  Idaho,  for  1897. 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

1.0 

1 

2.4 

60 

3.8 

161 

5.2 

325 

1.2 

7 

2.6 

72 

4.0 

181 

5.4 

349 

1.4 

15 

2.8 

84 

4.2 

205 

5.6 

373 

1.6 

23 

3.0 

98 

4.4 

229 

5.8 

397 

1.8 

31 

3.2 

112 

4.6 

253 

6.0 

421 

2.0 

40 

3.4 

127 

4.8 

277 

6.5 

481 

2.  2 

50 

3.6 

143 

5.0 

301 

Estimated  monthly  discharge  of  Little  Wood  River  at  Toponis,  Idaho. 

[Drainage  area,  1,270  square  miles.] 


Mouth. 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Run-off. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1897. 

June  

481 

66 

207 

12,  317 

0. 182 

0. 163 

July  

60 

1 

17 

1,  045 

0.  015 

0.  013 

August  

91 

1 

19 

1, 168 

0. 017 

0.  015 

September  

143 

50 

91 

5,  415 

0.  080 

0.072 
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BRUNEAU  RIVER. 

This  river  is  a  tributary  of  the  Snake,  entering  it  from  the  south,  30 
miles  west  of  Glenus  Ferry.  A  number  of  small  canals  irrigate  lands 
in  the  head  waters  of  the  stream,  but  the  largest  enteri)rise  is  the  one 
recently  completed,  that  of  the  Owyhee  Land  and  Irrigation  Company, 
diverting  water  from  the  lower  course  to  be  used  for  irrigation  as  well 
as  for  mining  purposes.  The  capacity  of  the  system  is  540  second-feet. 
The  gaging  station  is  located  below  the  head  works  near  Grandview, 
Idaho,  and  shows  the  amount  of  water  running  to  waste.  The  station 
is  described  in  Water- Supply  and  Irrigation  Paper  No.  16,  p.  167. 

Estimated  monthly  discharge  of  Bruneau  Biver  at  Grandview,  Idaho. 


[Drainage  area,  1,800  square  miles.] 


Month. 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

E,un-oflf. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1897. 

January  

120 

80 

96 

5,  903 

0.  06 

0.  05 

February  

540 

100 

146 

8, 108 

0.  08 

0. 08 

March  

3,  840 

85 

460 

28,  284 

0.  30 

0. 26 

April   

3, 060 

290 

1,  641 

97,  646 

1.01 

0.  91 

May  

2,  800 

1,  810 

2,  269 

139,  516 

1.45 

1.  26 

June  

1,  880 

410 

908 

54,  030 

0. 57 

0.  51 

J"iy  

360 

75 

196 

12,  052 

0. 13 

0.11 

August  

80 

30 

51 

3, 136 

0.  03 

0.03 

September  

55 

40 

48 

2,  856 

0.03 

0.  03 

October  

110 

55 

90 

5,  534 

0.  06 

0.05 

November  

150 

100 

120 

7, 140 

0.08 

0.07 

December  

150 

110 

128 

7,  870 

0.  08 

0.  07 

The  year  

3,  840 

30 

513 

372,  075 

3.  88 

0.  29 
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Sec. -ft. 
6,  000 


Fig.  161. — Discharge  of  Bruneau  River  at  Grand  view,  Idaho,  1897. 


BOISE  RIVER. 

Boise  Eiver  drains  an  area  above  its  canyon  of  2,450  square  miles, 
mountainons  and  well  wooded.  The  effect  of  the  latter  characteristic  is 
seen  in  the  high  summer  flow  which  the  river  maintains.  Below  the 
gaging  station,  besides  various  small  ditches  on  both  sides  of  the  river, 
thirteen  good- sized  canals  are  taken  out.  Their  aggregate  maximum 
capacity  as  determined  by  the  State  engineer  is  1,060  second-feet. 
During  the  irrigating  season  they  do  not  run  with  full  banks,  the  total 
probably  not  amounting  to  more  than  800  to  900  second-feet.  From 
Boise  Eiver  32,000  acres  are  irrigated.  This  would  give  a  duty  of  water 
of  about  40  acres  to  the  second-foot.  During  the  fall  of  1896  the  State 
engineer  made  a  series  of  measurements  in  Phyllis  canal  to  obtain  an 
idea  of  the  loss  of  water  by  seepage  and  evaporation.  The  length  of 
the  canal  is  35.5  miles.  The  daily  loss  was  1.83  inches  over  the  water 
surface,  or  30  per  cent  of  the  water  entering  the  head.  The  soil  is  a 
decomposed  lava  underlain  by  hardpan.  During  the  entire  season  a 
daily  record  was  kept  by  the  management  of  Phyllis  canal,  by  means 
of  weirs,  of  the  water  entering  at  the  head,  of  the  amount  diverted  by 
the  different  laterals,  and  of  the  amount  wasting  at  the  lower  end.  The 
record  shows  for  the  four  months  from  June  to  September,  inclusive, 
an  average  daily  loss  of  6.4  second-feet,  or  of  2.7 6  inches  from  the  water 
surface. 


452       progrp:ss  of  stream  measurements  for  1897. 

From  these  daily  measurements  the  percentage  of  the  total  amount 
of  water  for  the  season  used  during  the  different  periods  is  found  to  be 
as  follows :  ^ 

Percentages  of  total  amount  of  ivater  for  the  season  used  during  different  periods. 


Per  cent 

April  10-30   1.7 

May  1-31   4.  9 

June  1-15  ,   6.  8 

June  16-30   12.7 

July  1-15   12. 1 

July  16-31   12. 5 

August  1-15   11.  4 

August  16-31   12.7 

September  1-15   8.  7 

September  16-30   9. 1 

October  1-15   7.  4 


Total   100.0 


The  manager  of  Eidenbaugh  canal  has  also  furnished  an  estimate  of 
quantities  carried  in  that  canal  for  five  months,  from  which  the  follow- 
ing percentages  are  compiled: 

Monthly  percentages  of  ivater  carried  in  Ridenhaugh  canal  from  May  to  September, 

inclusive. 


Per  cent. 

May   13.2 

June   26.3 

July   26.3 

August   21.0 

Septeml)er   13.  2 


Total   100.0 


The  accompanying  tables  show  the  amount  of  water  in  Boise  River, 
as  determined  at  the  gaging  station  in  the  canyon  10  miles  above  Boise. 
A  description  of  the  station  will  be  found  in  Water- Supply  and  Irriga- 
tion Paper  No.  16,  p.  168. 

On  April  18  the  river  cut  into  the  right  bank  of  the  station,  carrying 
out  the  cable  and  leaving  the  gage  on  a  small  island,  so  that  the  record 
after  that  date  is  unreliable.  A  temporary  gage  was  placed  May  12 
at  the  Broadway  bridge  at  Boise  and  a  record  was  kept  by  it  until 
June  17,  when  a  new  gage  was  placed  in  the  canyon  1  mile  above  the 
old  location.  The  rating  table  for  1896  as  published  in  the  Eighteenth 
Annual  Report,  Part  lY,  p.  342,  has  been  applied  to  gage  heights  for 
1897  from  January  1  to  April  19.  There  is  then  a  blank  in  the  estimates 
from  April  20  to  May  11  owing  to  the  unreliability  of  the  record.  From 
May  12  to  June  16  the  rating  table  as  herewith  published  for  the  Broad- 
way bridge  has  been  applied.  After  that  date  the  table  for  the  new 
canyon  station  is  used. 

The  amount  of  water  flowing  in  Boise  River,  Idaho,  was  measured  on 


J  First  Biennial  Reijort  of  the  State  Engineer  to  the  Governor  of  Idaho,  page  64. 
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August  11,  1885,  by  the  engineers  of  the  ^ew  York  Mining  and  Irriga- 
tion Company.  The  point  of  measurement  was  in  the  canyon  about  8 
miles  above  the  city  of  Boise.  The  velocity  was  ascertained  by  means 
of  tin  tubes  20  inches  in  depth.  The  width  of  the  river  was  found  to 
be  170  feet  and  the  floats  were  placed  at  distances  of  30  feet.  The 
results  give  a  flow  of  960  cubic  feet  per  second. 

During  the  summer  of  1885  the  same  engineers  measured  various 
ditches.  The  results  of  these  measurements,  in  second-feet,  are  as 
follows : 

Flow  in  various  ditchers  in  summer  of  1885. 

Second-feet. 

Central  Park  ditch,  measured  just  above  Middletoii   1 

McDowell  ditch   1.5 

Middle  Mill  ditch   47 

Middle  Canal  Company   36 

Cassady,  Moore  &  Davis  canal  (since  changed  and  enlarged)   7.5 

Dry  Creek  ditch   8 

Walling  ditch,  October,  1883    73.  5 

Ridenbaugh  canal,  October  30,  1888    49 

Mill  ditch  50 

Bating  table  for  Boise  River  at  Boise,  Idaho,  for  1897. 


Gage 
height. 

Discharge. 

Gage 
height. 

Jan.  1  to 
Apr.  19. 

May  12  to 
June  16. 

June  17  to 
Dec.  31. 

Feet. 

Sec. -feet. 

Sec-feet. 

Sec-feet. 

Feet. 

1.0 

520 

600 

4.5 

1.2 

620 

860 

5.0  1 

.  1.4 

720 

1,120 

5.5. 

1.6 

830 

1,  380 

6.0 

1.8 

950 

1,  640 

6.5 

2,0 

1,  070 

5,  500, 

1,900 

7.0 

2.2 

1,210 

7,050 

2, 160 

7.5 

2.4 

1,  350 

8,  600 

2,  420 

8.0 

2.6 

1,510 

10, 150 

2,  680 

8.5 

2.8 

1,  680 

11,  700 

2,  940 

9.0 

3.0 

1,  870 

13,  250 

3,  200 

9.5 

3.  5 

2,  430 

17, 125 

3,  900 

10.0  ^ 

4.0 

3,  120 

21,  000 

5, 100 

Discharge. 


Jan.  1  to 
Apr.  19. 


Sec. -feet. 

3,  930 

4,  855 

5,  905 

7,  095 

8,  465 
10, 110 
12,  345 
15,  325 
19,  342 
24,  652 
31,  522 
40, 132 


May  12  to 
June  16. 


Sec. -feet. 
24,  875 


June  17  to 
Dec.  31. 


Sec-feet. 
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Estimated  monthly  discharge  of  Boise  Biver  at  Boise,  Idaho. 
[Drainage  area,  2,450  square  miles.] 


iu-on  tij . 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

E.un-olF. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1897. 

J  auuary  

1,  070 

570 

818 

50,  297 

0.  38 

0.  33 

February   

1,  350 

770 

954 

52,  983 

0. 41 

0. 39 

March  

3,  430 

770 

1,  419 

87,  251 

0. 67 

0.  58 

April  1-19  

28,  572 

2,  080 

8, 102 

305,  330 

2.  34 

3. 31 

May  12-31  

24, 100 

17, 125 

21,  058 

835,  360 

6.40 

8.60 

June  

14,  800 

3,  460 

7,  600 

452,  230 

.3. 46 

3.10 

July  

4, 100 

1,  380 

2,  309 

141,  976 

1.08 

0.  94 

August  

1,  380 

795 

1,  089 

66,  960 

0.51 

0.  44 

September  

1,  250 

860 

1,042 

62,  003 

0. 48 

0. 43 

October  

1,  250 

860 

1,020 

62,  718 

0.  48 

0.  42 

November  

1,  250 

990 

1,  077 

64,  086 

0.  49 

0. 44 

December  

a  1,  000 

61,  488 

0.  47 

0.41 

1 

a  Approximate. 


a  Approximate. 
Tig.  162.— Discharge  of  Boise  River  at  Boise,  Idaho,  1897. 
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PAYETTE  RIVER. 

This  river  drains  a  well- wooded,  mountainous  area  similar  to  tliat  of 
the  Boise.  The  eifect  of  the  forest  is  shown  in  the  well-sustained 
summer  flow.  There  is.  a  surplus  of  water  in  this  river  at  all  seasons 
for  lands  tributary  to  it,  and  it  will  be  many  years  before  recourse  must 
be  had  to  storage,  although  a  number  of  fine  sites  are  located  in  the 
basin,  especially  at  the  Payette  lakes.  A  number  of  canals  take  water 
from  both  sides  of  Payette  River,  the  principal  ones  from  the  north 
side  being  the  Lower  Payette  and  Pence  ditches.  On  the  south  side 
Last  Chance,  Enterprise,  and  Noble  ditches  irrigate  lands  from  about  3 
miles  above  Emmett  to  below  Falks  Store.  One  of  the  largest  irriga- 
tion enterprises  of  the  State  is  the  Payette  Valley  Irrigation  and 
Water  Power  Company's  system.  The  main  canal  heads  about  1  mile 
above  Emmett  and  irrigates  lands  almost  to  Snake  River.  No  water  is 
used  from  the  upper  20  miles,  the  lands  being  served  by  the  above- 
described  canals.  A  gaging  station  is  located  at  the  town  of  Payette, 
near  the  mouth  of  the  river,  and  shows  the  amount  of  water  wasted. 
The  station  is  described  in  Water- Supply  and  Irrigation  Paper  No.  16, 
p.  170.  The  rating  table  for  1896,  published  in  the  Eighteenth  Annual 
Eeport,  Part  IV,  p.  351,  has  been  applied  to  the  1897  heights. 

Estimated  monthly  discharge  of  Payette  River  at  Payette,  Idaho. 


[Drainage  area,  3,565  square  miles.] 


Month. 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Run-off. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1897. 

JVIay  14-31  

25,  570 

19,  925 

23,  139 

826, 128 

4.35 

6. 49 

June  

20,  350 

7,  060 

11, 115 

661,  387 

3.48 

3.12  ' 

July  

7,  330 

2,  080 

4,  241 

260,  771 

1.37 

1. 19 
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Sec. -ft. 

24, 000 
22, 000 

20,  000 
18, 000 
16.  000 
14, 000 
12,  000 
10,  000 

8,  000 
6,  000 
4,  000 
2,  000 
0 


JAN. 

10  20 

FEB. 
10  20 

MARCH 

10  20 

APRI  L 
10  20 

MAY 

10  20 

)UNE 
10  20 

JULY 
10  20 

AUG. 
10  20 

SEPT 
10  20 

OCT 
10  20 

NOV. 
10  20 

DEC. 
10  20 

1 
i 
II 
II 
1 

1 

1 

1 

1 

'    :  ■  ■  -m 

O 

/? 

A/ 

O 

o 

Fig.  163.— Discharge  of  Payette  River  at  Payette,  Idaho,  1897. 


WEISER  RIVER. 

The  drainage  basin  of  this  stream  is  mountainous  and  rocky  in  con- 
trast to  the  wooded  areas  drained  by  the  Payette  and  Boise  rivers,  and 
the  effect  is  shown  in  the  quick  spring  13oods  and  the  extreme  low- 
water  discharge.  A  number  of  small  ditches  irrigate  lands  on  either 
side  of  the  river  below  the  canyon,  but  the  principal  canal  is  the  Gallo- 
way, serving  lands  in  the  vicinity  of  Weiser.  The  maximum  capacity 
of  the  canal  is  50  second-feet.  The  annual  rental  for  water  that  is  used 
from  it  is  $1.50  per  miner's  inch,  it  being  almost  the  only  system  in  the 
State  in  which  the  annual  charge  is  by  quantity  of  water  instead  of 
acreage  of  land,  ^orth  of  the  town  of  Weiser  and  above  the  Galloway 
canal  is  a  stretch  of  bench  land  which  would  produce  abundant  crops 
if  water  could  be  brought  to  it.  A  number  of  small  creeks  flow  through 
it  having  spring  discharges  but  running  dry  in  summer.  If  this  water, 
which  is  now  wasted,  could  be  stored  in  the  several  natural  reservoirs 
which  are  said  to  exist  in  the  area  it  could  be  well  used.  Utilization 
of  these  reservoir  sites  in  the  near  future  is  contemplated.  A  gaging 
station  on  this  stream  is  located  in  the  canyon  10  miles  above  the  town 
of  Weiser  and  above  all  irrigation  canals.  The  following  tables  show 
the  discharge  by  months.  The  station  is  described  in  Water-Supply 
and  Irrigation  Pajier  Ko.  IG,  j).  171. 
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Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 



Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

0.6 

80 

1.8 

650 

3.4 

2,  250 

5.0 

5,  285 

0.  7 

100 

2.0 

800 

3.  6 

2,  525 

5.5 

6,  735 

0.8 

120 

2.2 

970 

3.8 

2,  820 

6.0 

8, 400 

0.9 

150 

2.4 

1, 150 

4.0 

3, 135 

6.5 

10, 155 

1.0 

190 

2.6 

1,340 

4.2 

3,  485 

7.0 

11,  950 

1.2 

280 

2.8 

1,540 

4.4 

3,  875 

7.5 

13,  785 

1.4 

390 

3.0 

1,760 

4.6 

4,  305 

8.0 

15,  640 

1.6 

510 

3.2 

1,  995 

4.8 

4,  775 

Estimated  montJihj  discharge  of  Weiser  Biver  at  Weiser,  Idaho. 

[Drainage  area,  1,670  square  miles,] 
 I 


Month. 

t 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

iiun-olf. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1897. 

April  

,  17, 175 

5,  555 

10,  878 

647,  285 

7.  26 

6.51 

]VIay  

11,  590 

3, 135 

7,  022 

431,  769 

4.84 

4.20 

•Tune  

2,  670 

650 

1,  260 

74,  975 

0.  83 

0.  75 

July  

800 

150 

385 

23,  673 

0.  26 

0.  23 

August  

120 

80 

86 

5,  288 

0.  06 

0.  05 

September  

150 

100 

114 

6,  783 

0.08 

0.  07 

October   

a  150 

9,  223 

0. 10 

0.09 

November  

a  150 
a  150 

8,  926 

9,  223 

0. 10 

0.  09 

December  

0. 10 

0.  09 

a  Approximate. 
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a  Approximate. 
Fig.  164.— Discharge  of  Weiser  River  at  Weiser,  Idaho,  1897. 

PALOUSE  RIVER. 

Near  the  tributaries  of  Potlatch  River,  a  tributary  of  Clearwater 
Eiver  in  Idaho,  are  a  number  of  streams  which  iiow  in  a  westerly  direc- 
tion across  the  State  line  into  Washington  and  there  unite,  forming 
Palouse  Eiver.  Along  the  lower  stretches  this  river  is  a  peculiar 
stream,  with  a  fall  of  not  over  10  feet  to  the  mile.  For  a  number  of 
miles  above  and  below  Hooper  it  is  a  succession  of  deep  holes  10  to  J  5 
feet  deep,  connected  by  short  riffles.  Its  valley  is  about  one-half  mile 
wide,  bordered  with  basaltic  cliff's  approximately  300  feet  high.  At  the 
point  where  the  river  makes  a  sudden  bend  to  the  south  and  enters  its 
narrow  basaltic  canyon  there  is  a  fine  dam  site.  A  dam  here,  possibly 
400  or  500  feet  long  and  100  feet  high,  would  impound  a  large  body  of 
water  extending  probably  10  miles  up  the  river.  A  canal  or  flume 
could  probably  be  taken  from  Palouse  River  below,  perhaps  at  the  falls 
of  the  Palouse  (said  to  be  130  feet  high),  and  10  miles  below  the  dam 
site,  and  brought  to  irrigate  lands  north  of  Snake  River  in  the  region 
north  of  Pasco,  Washington. 

Another  proposition  for  irrigating  lands  in  the  vicinity  of  Pasco  con- 
templates a  widening  of  the  canal  of  the  Palouse  River  Irrigation 
Company,  heading  near  Hooper,  bringing  it  across  the  divide  between 
the  Palouse  and  Waslitucna  valleys  and  thence  down  to  a  reservoir 
site  below  Washtucna.  The  lower  end  of  this  valley  can  be  dammed 
and  the  outlet  controlled.  The  feasibility  of  the  project  depends  on  the 
water  supply  of  Palouse  River,  which  is  a  very  flashy  stream,  rising 
and  falling  suddenly,  and  a  large  canal  would  be  necessary  in  order  to 
obtain  sufllcient  water  to  fill  the  reservoir. 
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In  1893  a  canal  was  constructed  by  the  Palouse  Kiver  Irrigation 
Company,  taking  water  from  the  left  bank  of  Palouse  Kiver,  near 
Hooper,  Washington,  to  irrigate  lands  in  the  vicinity  of  Washtucna, 
11  miles  below.  A  dam  was  constructed  at  the  head  of  the  canal,  but 
it  was  carried  out  by  a  flood  two  days  after  it  was  finished.  During 
the  summer  of  1897  the  company  rebuilt  the  dam,  as  shown  on  PI.  XLII, 
and  extended  it.  The  dam  is  a  crib  176  feet  long,  constructed  on  the 
arc  of  a  circle  with  the  middle  ordinate  18  feet.  It  is  to  be  16  feet 
high.  The  abutments  are  basalt  rock.  The  bottom  width  of  the  dam 
is  40  feet.  A  part  of  the  old  dam,  10  feet  wide,  is  used  as  an  apron 
for  the  new  dam.  The  water  at  this  point  is  9  feet  deep  at  low  stages. 
The  canal  is  10  feet  wide  on  the  bottom,  with  a  grade  of  1.5  feet  to  the 
mile — too  light  a  grade  for  a  canal  of  this  size.  Three  miles  below  the 
head  it  crosses  the  Palouse  in  an  inverted  siphon,  4  feet  in  diameter, 
of  the  Hawkes  dovetail  pattern.  The  difference  in  elevation  is  about 
40  feet  from  the  bottom  of  the  ditch  to  the  lowest  point  of  the  pipe 
line.  The  length  of  the  pipe  is  about  1,000  feet.  It  crosses  the  river 
proper  on  a  well-constructed  wooden  bridge  500  feet  below  tlie  railroad 
bridge.  Eight  miles  from  the  dam  the  canal  crosses  the  divide  between 
the  Palouse  drainage  and  Washtucna  Valley.  At  this  point,  called 
"The  Summit,"  the  cut  is  16  feet  through  a  partly  cemented  coarse 
gravel.  It  i&  thought  that  Palouse  Eiver  originally  extended  down  to 
Washtucna  Valley  and  emptied  into  Columbia  Kiver  near  the  mouth 
of  Snake  Kiver.  The  topography  of  the  valley  of  the  Palouse  is  simi- 
lar to  that  of  the  Washtucna. 

There  are  two  flumes  along  the  length  of  the  canal,  one  300  and  the 
other  400  feet  long.  They  are  8  feet  wide  on  the  bottom  and  3  feet  high. 
The  sides  and  bottom  are  of  2  by  12  inch  plank,  with  4  by  4  inch  side 
pieces.  At  the  time  of  inspection,  in  September,  1897,  the  flumes  were 
in  very  bad  condition,  with  cracks  fully  one-half  inch  wide  between 
the  planks.  They  may  possibly  swell  up  and  close,  however,  when 
water  is  let  down  the  canal.  The  canal  is  designed  to  irrigate  4,000 
acres,  and  its  computed  capacity  is  30  second-feet.  The  old  canal 
was  constructed  to  within  2  miles  of  Washtucna.  It  is,  however,  to 
be  extended,  but  with  a  bottom  width  reduced  to  5  feet. 

April  1,  1897,  the  Northern  Pacific  Kailway  Company  established  a 
gaging  station  on  this  river  near  Hooper.  September  9,  1897,  this 
Survey  took  charge  of  the  station,  placing  the  gage  rod  1  mile  below 
the  former  location  and  opposite  the  water  tank  of  the  railroad  com- 
pany. It  is  located  about  3  miles  above  the  mouth  of  Cow  Creek  and 
2  miles  below  the  head  of  the  ditch  of  the  Palouse  Irrigation  Company, 
which  carries,  when  full,  25  second-feet.  The  station  is  located  here 
above  Cow  Creek  because  of  the  desirability  of  having  information  on 
the  available  flow  for  the  Washtucna  reservoir  proposition.  A  suffi- 
cient number  of  discharge  measurements  were  not  made  in  1897  on 
which  to  base  the  construction  of  a  rating  table.    The  two  following 


460  PROGRESS  OF  STREAM  MEASUREMENTS  FOR  1897. 


measurements  of  discharge  were  made  this  year:  September  9,  gage 
height,  2.10  feet;  discharge,  73  second-feet.  October  1,  gage  height, 
1.90  feet;  discharge,  50  second-feet.  This  latter  figure  is  probably  the 
minimum  flow  of  the  river. 


CLEARWATER  AND  ADJACENT  RIVERS. 

During  the  course  of  the  survey  of  the  Bitterroot  Forest  Reserve,  in 
1897,  Mr.  J.  B.  Lippincott,  topographer,  made  a  number  of  measure- 
ments of  discharge  of  streams  in  Idaho  and  Montana,  chiefly  withiu 
the  reserve.    They  are  as  follows: 

Discharge  of  streams  in  Bitterroot  Forest  Reserve. 


Date. 


1897. 
July  31 

Do  .... 
Aug.  8 

Auo-.  21 

Aug.  22 
Do  .... 

Sept.  9 
(a) 

Aug.  27 

Sept.  30 
Do  ... . 


Locality. 


Area  of 
basin. 


Moose  Creek  above  junction  of  Cedar  Creek  . 

Cedar  Creek  at  mouth  

Lakslia  at  Jerry  Johnson's,  below  the  junc- 
tion Hot  Springs  Creek  

Lolo  Creek  at  Kamiah  and  Weippe  trail  cross- 


ing 


Clearwater  River  at  Kamiah  

South  Clearwater  at  Stewart's  

Selway  crossing,  Elk  Summit  trail  

Snake  River  at  Texas  Rapids,  Washington 

Spokane  River,  Spokane  

Bitterroot  River,  Como  P.  O  

Como  Creek  below  Lake  Montana  


Sq.  miles. 

83 
39 

592 


4,  300 
900 
108 


Volume. 


Second-feet. 
100 
25 

841 

120 
2,  .527 
300 
140 
26,  000 
2,  937 
&800 
4 


a  Summer  stage. 


h  Approximate. 


The  above  measurements  are  for  the  low  summer  stage  of  the 
streams.  While  the  measured  volume  of  the  Laksha  at  Johnson's  is 
but  841  second-feet,  it  is  much  larger  at  its  junction  with  the  main  or 
longer  stream  near  Stewart's,  and  it  is  probable  that  its  volume  at  its 
mouth  is  greater  than  either  of  the  other  large  streams  of  the  reserve, 
the  main  Clearwater  or  the  South  Clearwater. 

The  striking  hydraulic  feature  of  this  country  is  its  lakes.  They  are 
numerous,  but  are  small,  averaging  perhaps  5  acres  in  area.  The 
northeast  sides  of  the  peaks  in  the  higher  mountains  are  usually  cliffs 
of  1,000  feet  or  more,  and  at  the  foot  of  each  a  lake  is  generally  found. 
These  lakes  are  not  sufficiently  large  to  be  a  factor  in  the  storage  of 
water  for  any  extensive  purpose.  The  most  important  is  Como  Lake, 
in  Montana,  which  could  be  made  to  hold  30,000  acre- feet  of  water  at 
very  slight  cost,  and  there  is  sufficient  drainage  back  of  it  to  fill  it 
each  year.    The  reserve  contains  very  few  reservoir  sites.    The  only 
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others  of  importance  are  on  the  South  Clearwater.  The  Little  Elk  and 
Ryan  meadows  would  be  worthy  of  survey  in  this  connection.  There 
is  said  to  be  a  reservoir  site  5  miles  northeast  of  the  Kewsome  House, 
on  Isewsome  Creek,  and  one  12  miles  southeast  from  Buffalo  Hump,  on 
the  Salmon  drainage.  The  trouble  with  these  alpine  meadows  for 
reservoir  sites  is  that  they  have  too  little  drainage  back  of  them. 
These  reservoirs  would  be  valuable  to  hold  flood  water  for  summer 
placer  mining  around  Elk  City,  and  it  is  possible  that  this  water  might 
afterwards  be  conveyed  to  the  prairie  lands  about  Graugeville,  Idaho. 
This  plain  is  known  as  the  Camas  Prairie.  It  is  30  miles  long  and  20 
miles  wide,  and  its  Tuean  elevation  is  about  3,000  feet.  It  is  bounded  on 
the  north  by  Clearwater  River,  on  the  south  by  Salmon  River,  and  on 
the  east  by  South  Clearwater  River.  It  is  a  gently  rolling  prairie. 
The  bed  rock  is  basalt,  with  a  deep,  rich  soil  covering.  The  rainfall  is 
slightly  over  20  inches,  occurring  chiefly  in  winter.  The  largest  local 
stream  is  Cottonwood  Creek.  Little  irrigation  is  practiced,  but  it  is 
needed. 

There  is  a  hot  spring  at  Johnson's,  on  the  Laksha,  of  1  second-foot 
capacity  and  a  temperature  of  100°  F.  There  is  also  one  on  Horse 
Creek,  on  the  north  side  of  Mineral  Hill,  of  0.5  second-foot  capacity 
and  temperature  80°  F.  A  third  hot  spring  of  large  volume  is  approxi- 
mately 10  miles  southeast  of  Elk  Summit  Peak,  on  the  north  bank  of 
a  deep  canyon. 

YAKIMA  RIVER. 

Yakima  River,  as  shown  in  fig.  165,  has  its  source  in  Keechelus 
Lake,  on  the  eastern  slope  of  the  Cascade  Mountains,  in  Kittitas 
County,  Washington.  At  Easton  it  receives  Kachess  River,  which  is 
only  3  miles  long,  being  the  outlet  of  the  lake  of  the  same  name.  Two 
and  one-half  miles  above  Clealum  it  receives  the  last  of  the  three 
large  head-water  tributaries,  the  outlet  of  Clealum  Lake.  Tlie  val- 
ley of  Yakima  River  is  comparatively  narrow  until  it  widens  out  into 
Kittitas  Yalley,  in  which  Ellensburg  is  located.  The  town  has  an  ele- 
vation of  1,550  feet  above  sea  level.  The  vicinity  is  devoted  to  agri- 
cultural interests,  the  cereals  and  alfalfa  being  the  chief  products.  It 
has  been  found  to  be  rather  too  cold  for  orchard  products,  which  do 
better  at  North  Yakima,  36  miles  below,  and  500  feet  lower  in  elevation. 

The  Northern  Pacific  Land  Department,  in  1892,  had  extensive  plans 
for  irrigating  the  Kittitas  and  North  Yakima  valleys  and  the  country 
southward,  and  made  extensive  surveys  for  reservoir  sites  of  the  three 
lakes  named  above  and  also  of  Bumping  Lake,  on  Bumping  River,  a 
tributary  of  Naches  River.  The  outlets  of  all  the  lakes  are  through 
glacial  deposits.  They  can  be  easily  dammed  by  structures  30  feet  in 
height,  and  it  was  the  original  plan  of  the  Northern  Pacific,  Yakima 
and  Kittitas  Irrigation  Company  to  construct  crib  dams  of  this  height 
at  all  the  lake  outlets.  This  plan  was  not  carried  out.  The  final  out- 
come was  the  construction  of  Sunnyside  canal,  below  North  Yakima. 
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The  surveys  of  this  company  showed  that  the  proposed  reservoir  at 
Keechelus  Lake,  with  a  dam  30  feet  in  height,  would  have  a  capacity 
of  50j800  acre-feet. 

Irrigation  is  practiced  to  a  considerable  extent  in  the  vicinity  of 
Ellensburg.  The  largest  ditch  is  the  Town  ditch,  as  it  is  called,  which 
takes  water  from  the  left  bank  of  the  Yakima  at  Thorp,  6  miles  above 
Ellensburg.  tTust  below  the  town  this  canal  passes  through  a  ridge,  by 
means  of  a  tunnel,  and  then  irrigates  lands  for  10  miles  below.  The 
canal  is  16  feet  wide  at  the  head.  Another  canal  takes  water  from 
Tanum  Creek  and  continues  southward,  ending  about  opposite  Ellens- 


!FlG.  165. — Map  of  drainage  basin  of  Takima  Elver,  Wasliington. 


burg.  A  number  of  small  local  ditches  use  water  from  Manastash 
Creek,  as  well  as  from  Reeser,  ^anum,  and  Cherry  creeks.  A  small 
diversion  is  made  from  one  of  the  tributaries  of  Swaak  Creek,  east  of 
McCallum,  bringing  water  through  Green  Canyon  and  into  the  head  of 
Reeser  Creek  to  be  used  below.  Four  years  ago  a  canal  taking  water 
from  the  right  bank  of  Yakima  River  at  Easton  was  started.  Con- 
tinuing southward,  it  crossed  the  river,  just  above  Dudley,  to  the 
eastern  side.  It  was  then  to  be  extended  below  Ellensburg,  emptying 
into  the  river  at  the  line  of  foothills.  This  canal  was  constructed  in 
stretches  to  a  jjoint  below  Dudley.  Such  works  as  flumes,  crossing 
gulches,  etc.,  were  not  undertaken.    Nothing  has  been  done  with  this 
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canal  for  the  last  two  or  three  years.  It  was  known  as  the  Kittitas 
Valley  irrigation  canal,  or  Middle  canal.  It  was  to  be  20  feet  wide  at 
the  head,  and  at  about  the  point  where  construction  stopped  it  was  350 
feet  in  elevation  above  Ellensburg. 

At  the  lower  end  of  Kittitas  Valley  Yakima  River  enters  the  canyon, 
through  which  it  flows  for  about  20  miles.  At  Selah  the  valley  broadens 
out  into  what  is  known  as  Selah  Valley,  which  is  about  4  miles  long 
and  3  miles  wide.    At  the  lower  end  of  this  valley  the  river  passes 

•m 

through  another  ridge,  or  the  "Upper  Gap,''  as  it  is  called,  and  enters 
the  !N"orth  Yakima  Valley. 

The  region  near  North  Yakima,  shown  on  fig.  166,  is  more  exten- 
sively irrigated  than  any  other  area  in  the  State  and  contains  the 
largest  systems  of  canals.  The  following  are  the  principal  canals  tak- 
ing water  from  Caches  Eiver : 

The  Selah  Valley  irrigation  canal  is  on  the  north  side  of  the  river, 
heading  just  above  the  mouth  of  Tieton  Eiver,  about  20  miles  from 
North  Yakima.  It  irrigates  land  in  Selah  Valley  and  has  about  1,000 
acres  in  cultivation  under  its  30  miles  of  length.  Below  head  the 
Wapatuck  and  Kaches  canals,  each  about  7  miles  long.  They  irrigate 
the  bottom  lands  of  Naches  Valley. 

On  the  south  side,  the  Yakima  Valley  canal  heads  about  12  miles 
from  North  Yakima  and  for  the  first  10  miles  of  its  course  is  in  a  flume. 
At  the  point  known  as  ''Painted  Rocks"  it  is  carried  around  on  a  trestle 
about  70  feet  high,  and  thence  enters  immediately  an  inverted  siphon, 
which  carries  the  water  across  the  Oowiche  Canyon.  It  continues  for 
about  2  miles,  again  in  flume,  and  then  enters  its  canal.  The  siphon  is 
the  ordinary  type  of  wooden  stave  pipe  bound  by  iron  bands.  A  view 
of  it  is  shown  in  Part  IV  of  the  Eighteenth  Annual  Report;  PI.  XXX, 
on  page  356.    The  entire  length  of  this  canal  is  16  miles. 

The  Naches  and  Cowiche,  or  Hubbard,  ditch,  heads  at  "Painted 
Rocks,"  5  miles  northwest  of  North  Yakima  and  just  below  the  Nelson 
bridge  over  Naches  River.    (See  PI.  XLIII,  A.) 

The  canal  of  the  Yakima  Water,  Light  and  Power  Company,  and  the 
Shanno,  Broadgauge,  Union,  and  Town  ditches  head  between  Hubbard 
ditch  and  the  lower  highway  bridge,  in  the  order  named,  downstream. 
Their  combined  length  is  about  25  miles,  and  they  serve  principally 
the  lands  lying  in  the  immediate  vicinity  as  well  as  the  town  of  North 
Yakima.  A  drop  of  20  feet  is  obtained  in  the  waterworks  canal,  devel- 
oping sufficient  power  for  an  electric- light  service  for  the  town  and  for 
a  pumping  plant  for  a  water-pressure  service. 

Three  canals  take  water  from  the  east  side  of  Yakima  River,  just 
below  the  mouth  of  the  Naches,  supplying  water  for  Moxee  Valley. 
They  are  known  as  the  Moxee,  Hubbard,  and  Fowler  ditches. 

The  canal  of  the  Yakima  Investment  Company,  or  Sunnyside  canal, 
heads  on  the  east  side  of  Yakima  River  9  miles  south  of  North  Yakima 
and  3  miles  below  the  gaging  station  of  the  United  States  Geological 
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Survey  at  TTuion  Gap.  It  is  42  miles  \oug  and  has  a  large  acreage  in 
cultivation  under  it.  On  September  21  the  discharge  of  this  canal  3 
iniles  below  its  head,  before  much  water  had  been  diverted  for  irriga- 
tion, was  88  second-feet.  Laud  under  this  canal  was  at  first  held  from 
$50  to  $80  an  acre.  In  the  autumn  of  1897  the  company  was  reorgan- 
ized and  the  land  was  placed  on  the  market  at  $30  an  acre. 

In  1895  the  survey  of  a  large  canal,  called  the  ^N'aches  and  Columbia 
River  irrigation  canal,  was  made  under  the  direction  of  the  State 
arid  land  commission,  an  office  formed  after  the  passage  of  the  Carey 
Act.  The  canal  was  to  head  on  the  north  side  of  Naches  River,  3 
miles  below  the  head  of  Selah  Yalley  canal.  It  was  to  cross  Yakima 
River  a  short  distance  above  the  mouth  of  the  Naches  by  means  of 


Fig.  166. — Map  of  canals  in  vicinity  of  North  Yakima,  Washington. 


an  immense  inverted  siphon,  circle  Moxee  Yalley,  pass  through  the 
Union  Gap  Ridge  by  means  of  a  tunnel  6,100  feet  long,  and  continue 
down  Yakima  Yalley  to  the  Rattlesnake  Range,  around  which  it  was 
to  pass  to  lands  overlooking  Columbia  River.  It  was  to  be  140  miles 
long  and  to  carry  at  its  head  2,000  second-feet  of  water.  The  intention 
was  to  use  as  a  storage  reservoir,  in  connection  with  this  proposition. 
Bumping  Lake,  on  Bumping  River,  a  tributary  of  the  loaches,  by  plac- 
ing a  dam  25  or  30  feet  high  at  the  outlet  of  the  lake.  A  survey  of  this 
reservoir  site  was  made  in  September,  1894,  by  the  Northern  Pacific, 
Yakima  and  Kittitas  Irrigation  Company,  in  connection  with  extensive 
plans  for  the  irrigation  of  the  Kittitas  and  Yakima  valleys,  which 
culminated  in  the  construction  of  the  Sunnyside  Canal,  This  company 
and  its  successor,  the  Yakima  Investment  Company,  have  endeavored 
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to  segregate  the  site,  but  have  failed,  probably  because  it  was  on 
unsurveyed  land  and  the  surveys  did  not  connect  it  with  a  Govern- 
ment corner,  and  other  parties  claimed  the  site  before  the  survey  above 
mentioned  was  made. 

The  following  description  of  the  Yakima  Indian  Reservation  canal  is 
furnished  by  Mr.  Sydney  Arnold,  civil  engineer,  of  iTorth  Yakima: 

The  canal  heads  about  1  mile  below  the  United  States  Geological 
Survey  gaging  station  at  Union  Gap,  or  7  miles  below  the  town  of  North 
Yakima,  Washington,  and  was  completed  during  the  summer  of  1897. 
It  heads  on  the  right  bank  of  the  river.  The  first  half  mile  follows  a 
natural  slough,  or  channel,  having  a  total  fall  of  7  feet.  Then  comes 
the  constructed  main  ditch  of  the  following  dimensions:  Bottom  width, 
12  feetj  side  slopes  2  to  Ij  maximum  depth  of  water,  2.5  feetj  grade, 
2.5  feet  for  the  first  mile.  The  discharge  by  Kutter's  formula  is  85 
second-feet.  This  is  the  maximum  capacity  of  the  present  canal,  and 
not  314  second-feet,  as  currently  reported.  The  total  length  of  the 
main  ditch  is  15.47  miles,  with  13.66  miles  of  laterals.  The  ditch  was 
constructed  from  an  apx)ropriation  allowed  by  the  Indian  Bureau,  under 
the  direction  of  the  agent  of  the  reservation.  The  work  was  done  by 
the  Indians,  and  the  water  is  to  be  used  by  them. 

During  the  summer  of  1897  a  commission  composed  of  three  members 
was  endeavoring  to  treat  with  the  Indians  to  allot  a  certain  number  of 
acres  to  each  Indian  and  then  to  purchase  the  rest  of  the  reservation 
with  the  idea  of  opening  it  to  white  settlement. 

At  Prosser  there  is  a  turbine  power  and  pumping  plant  in  operation 
capable  of  irrigating  about  3,000  acres,  besides  furnishing  water  for 
factories  and  other  purposes.  The  pump  raises  water  to  an  elevation 
of  100  feet,  with  a  power-producing  fall  of  20  feet.  There  are  two 
turbines,  48  inches  in  diameter,  each  capable  of  developing  135  horse- 
power under  a  12-foot  head.  The  pump  engines  have  a  25-inch  cylinder 
and  24-inch  stroke,  each  with  a  capacity  of  4,000  gallons  per  minute. 
About  600  acres  are  now  irrigated  from  this  plant.  Below  Prosser 
another  canal  is  taken  out  of  the  left  bank  of  Yakima  River,  about  5 
miles  above  Kiona,  irrigating  laud  in  this  vicinity.  There  is  one  flume 
about  2,000  feet  long.  The  water  supply  is,  however,  insufficient  for 
the  needs  of  the  orchards  around  Kiona.  The  canal  of  the  Yakima 
Irrigation  and  Improvement  Company,  or  the  Leadbetter  ditch,  taking 
water  from  Yakima  River  near  its  mouth,  was  intended  to  irrigate 
lands  in  the  vicinity  of  Kenniwick,  but  it  was  never  completed.  Near 
the  mouth  of  Yakima  River  is  a  large  irrigation  wheel  50  feet  in 
diameter,  which  lifts  water  from  the  river  and  irrigates  the  land  of  a 
private  ranch. 

Several  years  ago  there  was  considerable  discussion  of  the  possibili- 
ties of  irrigation  at  Pasco.    This  section  is  level  and  well  adapted  to 
irrigation,  although  the  soil  is  light  and  blows  about  considerably  under 
19  GEOL,  PT  4  30 
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the  strong  winds  tbat  prevail  there  at  times.  There  have  been  a  num- 
ber of  propositions  for  irrigating  this  section,  both  by  gravity  ditch 
and  by  pumj^ing  from  Columbia  and  Snake  rivers.  Another  proposi- 
tion is  to  use  as  a  reservoir  Washtucna  Yalley,  taking  water  from 
Palouse  Eiver  by  means  of  a  canal  heading  near  Hooper,  as  noted  on 
pages  458  and  459. 

Mr.  Sydney  Arnold,  hydrographer  in  charge  of  the  Washington 
stations,  made  two  measurements  of  considerable  interest  in  the  fall  of 
1897.  One  was  of  the  Columbia  Eiver  at  Pasco,  measured  from  the  rail- 
road bridge,  and  is  as  follows :  October  8,  water  surface,  39.8  feet  below 
the  railroad  ties;  maximum  depth,  23.5  feet;  width,  2,041  feet;  area, 
23,979  square  feet;  discharge,  69,134  second-feet.  The  other  was  of 
Snake  Eiver  at  the  railroad  bridge*  just  above  its  mouth,  3  miles  from 
Pasco,  as  follows:  October  9,  width,  801  feet;  area,  10,099  square  feet; 
discharge,  20,081  second-feet. 

COWICHE  RESERVOIR  AND  CANAL  COMPANY. 

In  i^ovember,  1896,  construction  work  on  a  reservoir  for  irrigation 
purposes  was  started  in  the  basin  of  Oowiche  Creek,  25  miles  northwest 
of  North  Yakima.  The  following  description  is  furnished  by  Mr.  Syd- 
ney Arnold,  of  North  Yakima,  the  engineer  of  the  enterprise: 

The  reservoir  is  situated  in  sec.  8,  T.  14  N.,  E.  17  E.,  Willamette 
meridian,  on  the  summit  of  the  dividing  ridge  between  the  Naches  and 
Cowiche  valleys,  and  comprises  the  eastern  half  oply  of  a  compartively 
shallow  natural  basin  or  depression,  having  no  outlet  and  receiving  no 
drainage.  The  extreme  dimensions  of  this  basin  are,  approximately, 
1.5  miles  in  length  and  three-fourths  of  a  mile  in  width.  The  portion 
of  the  basin  appropriated  as  a  reservoir  is  about  one-half  mile  square 
and  is  separated  from  the  remainder  by  an  earthen  dam  about  15  feet 
in  height  and  1,300  feet  in  length. 

In  addition  to  this  dam  some  unimportant  dikes  will  be  built  across 
short  gaps  or  low  places  on  the  rim  of  the  depression,  in  order  to  admit 
of  a  total  depth  of  water  of  about  13  feet. 

The  dam,  as  proposed,  will  be  10  feet  wide  on  top ;  inside  slope,  2  to  1 ; 
outside  slope,  1.5  to  1.  The  outlet  consists  of  an  8-inch  diameter, 
wrought-iron  pipe,  60  feet  in  length,  laid  in  a  trench  cut  through  the 
hillside,  for  the  most  part  in  solid  rock.  The  trench  will  be  refilled 
above  the  pipe  only,  the  remaining  portion  being  left  open.  Near  this 
point  also  will  be  located  the  waste  weir,  this  and  the  outlet  pipe  dis- 
charging into  the  irrigating  ditch.  The  gate  is  constructed  in  the  man- 
ner described  by  F.  H.  Newell  on  page  189  of  the  Yearbook  of  the 
Department  of  Agriculture  for  1896. 

The  water  supply  for  the  reservoir  is  obtained  from  the  north  fork 
of  Cowiche  Creek  by  means  of  a  canal  about  3  miles  in  length,  which 
discharges  into  the  reservoir  near  the  south  end  of  the  dam.    The  mini- 
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mum  grade  of  tlie  canal  is  5  feet  to  the  mile  and  the  maximum  about 
20  feet  to  the  mile.  Dimensions  are  (>  feet  wide  on  bottom  5  side  slopes, 
1  to  Ij  depth  of  water,  2  feet.  The  surface  soil  averages  about  3  feet 
deep.  The  bottom  of  the  canal  is  for  the  most  part  on  rock  or  cement 
and  gravel,  water-tight,  and  admitting  of  high  velocity.  The  entire 
canal  is  in  earthwork  and  there  are  no  flumes.  The  reservoir  covers 
165.42  acres.  The  maximum  depth  of  water  on  completion  of  the  dam 
will  be  13  feet  and  the  capacity  409,305,600  gallons,  or  1,256  acre-feet. 

The  reservoir  will  be  filled  annually  during  the  flood  season,  in  Feb- 
ruary and  March,  at  which  time  an  abundant  supply  of  water  can  be 
obtained  from  Oowiche  Creek. 

At  the  commencement  of  the  irrigation  season,  in  A^jril,  the  head 
gates  of  the  canal  will  be  shut  down  for  tlie  year,  as  the  ordinary  sup- 
ply of  the  creek  is  already  fully  appropriated  for  irrigation  purposes 
by  the  settlers  in  Cowiche  Yalley. 

This  enterprise  was  undertaken  by  a  number  of  settlers  in  the  upper 
Cowiche  Yalley  who  desired  to  avail  themselves  of  the  provisions  of 
the  act  of  Congress  approved  March  3,  1891,  sections  18, 19,  20,  and  21 
(26  Stat.  L.,  1095),  which  provides  for  the  building  of  reservoirs  for  irri- 
gation purposes  and  allows  the  right  of  way  of  canals  through  the 
public  lands. 

In  1898  irrigation  will  first  be  practiced  by  putting  in  cultivation  a 
small  tract  of  land  adjoining  the  reservoir  on  the  south.  This  reser- 
voir, although  small,  is  believed  to  be  the  first  of  its  kind  in  the  State; 
that  is,  where  the  water  supply  is  dependent  solely  on  the  reservoir. 

ARTESIAN  WELLS. 

Southeast  of  North  Yakima,  in  the  upper  part  of  Moxee  Yalley,  a 
number  of  artesian  wells  have  been  sunk.  The  first  two  or  three  that 
were  drilled  in  1892  by  the  Yakima  Land  Company  were  not  very  suc- 
cessful, owing  to  one  cause  or  another.  Some  of  them  were  i)robably 
too  high  5  others  were  choked  by  stones  and  gravel  and  failed  to  flow. 
Within  the  last  year  or  so  others  have  been  sunk  at  a  lower  level  and 
most  of  them  are  successfully  flowing.  The  accompanying  table  gives 
the  main  facts  regarding  them.  The  wells  penetrate  alternate  beds  of 
clay,  sand,  gravel,  shale,  and  sandstone  of  the  John  Day  system,  and 
interstratified  beds  of  basalt. 

A  detailed  description  of  the  geology  of  this  vicinity  will  be  found 
in  Bulletin  No.  108  of  this  Survey,  entitled  A  Geological  Eeconnais- 
sance  in  Central  Washington,  by  I.  C.  liussell. 
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Artesian  wells  in  Moxee  Valley,  near  Noi^th  Yakima,  Washington,  September  1,  1897. 


No. 


1 
2 

3 
4 


8 
9 

10 
11 
12 

13 
14 

15 

16 

17 


Well. 


Clarke's  No.  1. 
Clarke's  Nos. 

2  and  3. 

Meig's  

Yakima  Land 

Co.  No.  4. 
Yakima  Land 

Co.  No.  1. 
Yakima  Land 

Co.  No.  3. 
Bradford  

Dickson  

Gano  

Ellens  

Longwin  

Haines  

Spratt  

Stein  weg  No.  1 

SteinwegNo.  2 

Stein  weg  No.  3 

Yakima  Land 
Co.  No.  2. 


Location. 


Sec. 


6 

31 

32 
4 


3 

9 

8 
8 

7 
8 
8 

8 
10 

10 

10 

4 


12 

13 

13 
12 

12 

12 

12 

12 
12 

12 
12 
12 

12 
12 

12 

12 

12 


R 


20 
20 

20 
20 

20 

20 

20 

20 
20 

20 
20 
20 

20 
20 

20 

20 

20 


Completed. 


1893, 
1892. 


1892. 
1892. 


Feb.  25, 

1892. 
Mar.  25, 

1897. 

{a) 
Apr.  17, 

1897. 

(a) 
Sept.,  1893 
Mar.  24, 

1896. 
Feb.,  1897 
May  29, 

1894. 
Sept.  15, 

1894. 
June  12, 

1895. 
Jan.,  1892 


Cost  of 
well. 


Diam- 
eter. 


Inches. 
$2,  000  6-4.  5 
2,  500,5-3. 5 


600 

200 
400 


800 


6 

4.5 

4.25 
3 

6 

3 
6 


6-3 
6 


6 


8 


Eleva- 
tion. 


Feet. 
1,  043 
1,  060 

1,  140 

1,  258 

&1, 151 
1, 141 
1,  090 


1,  005 

1, 000 
1,  005 
1,080 


1, 120 


1, 124  404 


Depth 


Feet 

940 
1,  050 

623 
500 

314 

340 

386 

294 
649 

550 
637 
702 

835 
280 


Depth 

to 
"water. 


1, 124 
1. 195 


534 
617 


Feet 
700 
800 

120 


Yield 

per 
minute 


Gu.ft. 
144 
84 

18 
0 


60 


30 
36 


30 


28 
22 

30 
45 

30 

70 

0 


a  Not  finished. 


h  Approximate. 


The  wells  are  referred  to  sea  level.  No.  1  of  the  Yakima  Land  Com- 
pany was  found  by  aneroid  to  be  151  feet  above  the  Northern  Pacific 
Eailway  elevation  of  1,000  feet  at  North  Yakima.  The  elevations  of 
the  other  wells  were  found  by  spirit  level  from  this  one. 

These  logs  show  little  conformity.  This  is  partly  due  to  errors  in 
describing  the  formations,  as  well  as  to  the  variations  in  the  formations 
themselves.  The  Dickson  and  the  Ellens  wells  were  in  course  of  drill- 
ing when  visited  in  September,  1897. 
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SEEPAGE  MEASUREMEISTTS. 

The  valley  of  Atanum  Creek,  southwest  of  IsTorth  Yakima,  was  one 
of  the  earliest  sections  irrigated  in  this  vicinity.  For  several  years  all 
the  available  sammer  flow  of  this  stream  has  been  utilized  for  irriga- 
tion, and  a  number  of  cases  have  been  tried  in  the  courts  as  a  con- 
sequence. During  the  season  of  unusually  low  water  in  1892  an  action 
was  instituted  in  the  superior  court  of  Yakima  County  by  certain 
riparian  proprietors  on  Atanum  Creek  to  restrain  certain  appropria- 
tors  from  diverting  the  water  of  said  stream  from  above  and  conduct- 
ing the  same  to  and  upon  their  land,  situated  at  a  distance  therefrom, 
for  the  purposes  of  irrigation."  The  injunction  was  granted  and  the 
case  was  appealed  to  the  State  supreme  court,  where  it  was  upheld  by 
decision  rendered  July  2,  1897. 

A  large  body  of  land  is  under  cultivation  on  the  benches  north  of  the 
river,  and  it  would  seem  that  under  this  decision  irrigation  will  have 
to  be  discontinued  unless  water  can  be  obtained  from  other  sources. 
On  July  26  the  discharge  of  Atanum  Creek,  just  below  the  junction  of 
the  north  and  south  forks,  was  40.1  second-feet.  This  is  above  the 
heads  of  most  of  the  important  canals. 

It  has  been  suggested  that  the  canal  of  Yakima  Valley  Canal  Com- 
pany be  extended  to  serve  lands  in  Atanum  Valley.  This  is  hardly 
expedient,  for  two  reasons :  First,  the  canal  is  not  high  enough  to  cover 
much  of  the  valley  j  second,  it  carries  hardly  sufficient  water  for  the 
land  now  under  it  and  for  which  water  rights  have  been  sold.  A  sur- 
vey was  made  a  few  years  ago  of  a  canal,  called  the  Burlingame  Canal, 
which  headed  on  the  south  side  of  ]!!^^aches  Eiver,  just  below  the  mouth 
of  Tieton  River.  It  was  carried  some  distance  up  Atanum  Valley, 
around  the  ridge  on  the  south  side  of  the  creek,  and  on  to  the  bench 
lands  above  Toppenish  Creek  on  the  Yakima  Indian  Reservation. 
About  3  miles  of  construction  work  in  the  shape  of  excavation  was 
accomplished  near  the  head. 

The  canal  down  to  Painted  Rocks  would  be  expensive  to  construct, 
on  account  of  the  hard  basaltic  formation  through  which  it  passes. 

July  25,  26,  and  27,  1897,  a  series  of  measurements  of  Atanum 
Creek  and  of  the  canals  taking  water  therefrom  was  made  by  Cyrus 
C.  Babb,  for  the  purpose  of  determining  the  seepage,  or  the  amount 
of  water  returning  to  the  creek.  Some  difficulty  was  encountered  in 
making  these  measurements,  on  account  of  a  thick  underbrush  which 
borders  the  creek  for  nearly  its  entire  length  and  is  almost  impene- 
trable in  places.  Difficulty  was  also  experienced  on  account  of  the 
hostility  of  a  number  of  ranchers  who  thought  that  the  hydrographer 
was  a  person  sent  by  the  supreme  court  to  turn  off  the  water  from 
their  canals,  as  the  measurements  were  made  immediately  after  the 
decision  above  referred  to  was  rendered.    For  this  reason  the  results 
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are  not  altogether  satisfactory.  The  following  list,  numbered  consecu- 
tiveh^  downstream,  shows  the  discharge  measurements  made: 

Discharge  measurements  made  on  Aianum  Creek  and  canals  taking  ivater  therefrom. 


Locality 


2 
3 
4 


5 


6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 


North  Fork,  Atanum,  above  Anderson's  ranch,  sec.  12,  T.  12 
N.,R.15E  

Cox  ditch  at  Charles  Anderson's,  sec  12   

Two  small  ditches  below  Cox  ditch,  sec.  12  

Slough  at  Dan  Kinney's  house,  sec,  7,  T.  12  N.,  R.  16  E  

North  Fork  road  bridge  near  Tampico,  sec,  18  

Waste  water  near  Allen's  house  (into  creek)  

Atanum  Creek  below  forks,  sec.  17  

Dan  Lesh  ditch,  sec.  16  

Atanum  Creek  at  Narrows,  or  Rockv  Cliff    

Herke's  ditch  (upper),  sec,  14  

Herke's  ditch  (lower),  sec.  14   

Morris  ditch,  above  North  slough  

Small  Catholic  Mission  ditch  

North  slough,  above  mission,  sec.  13  

Atanum  Creek,  100  feet  below  Middle  slough   

Middle  or  Second  slough,  75  feet  below  head,  sec.  18,  T.  12  N., 
R.17  E  

Lynch  ditch,  sec.  17  

Yallup  Indian  ditch,  sec.  IC  

Atanum  Creek,  below  Indian  ditch   

Simpson's  ranch  ditch  

Woodhouse  ditch  

Atanum  Creek  at  Woodhouse  ranch,  sec.  14  

Atanum  Creek  at  Tanner  bridge,  sec.  8,  T.  12  N.,  R.  18  E   

Indian  ditch,  sec.  8  

Atanum  Creek,  line  between  sees.  11  and  12  

Waste  slough,  sec.  1  

Wide  Hollow  waste  slough,  sec.  1    

Atanum  Creek,  Union  Gap  bridge,  sec.  8,  T.  12  N.,  R.  19  E  


Discharge. 


Second-feet. 

50.1 
6.9 
1.0 
4.5 

25.2 
2.2 

40.1 
0.6 

49i8 
0.5 
0.5 
2.5 
0.3 

23.4 
9.0 

9.8 
0.3 
0.3 
8.4 
3.0 
0.6 
0,7 
0,8 
1.0 
0.9 
2.5 
14.9 
12.5 


The  first  measurement  was  made  on  the  i^orth  Fork  at  Anderson's 
ranch  in  sec.  12,  T.  12  1^.,  E.  15  E.,  about  2  miles  above  Tampico  post- 
oftice,  or  3  miles  above  the  junction  with  the  South  Fork.  The  discharge 
was  50.1  second- feet.  Then  came  measurements  ^^os.  2,  3,  and  4,  of  the 
small  ditches  or  sloughs  from  the  left  bank  of  the  creek.  Their  com- 
bined flow  was  12.4  second-feet.  This,  subtracted  from  the  first  meas- 
urement, leaves  a  difierence  of  37.7  second-feet.  Subtracting  from  this 
amount  25.2  second-feet,  measurement  No,  5  of  the  i^orth  Fork  at  the 
bridge  at  Tampico,  leaves  a  difference  of  12.5  second-feet,  which  shows 
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a  loss  between  these  two  points.  It  is  almost  impossible  to  get  down 
to  tlie  creek  along  here^  and  there  aiay  be  one  or  two  small  ditches 
from  the  right  bank.  Measurement  l^o.  6  was  of  waste  water  returning 
to  the  creek,  amounting  to  2.2  second-feet.  Adding  this  to  measure- 
ment No.  5,  25,2  second-feet,  gives  27.4  second- feet.  This,  subtracted 
from  measurement  No.  7  of  Ataunm  Creek,  one-half  mile  below  the 
junction  of  North  Fork  and  South  Fork,  which  was  40.1  second-feet, 
leaves  a  difference  of  12.7  second-feet  for  the  discharge  of  the  South 
Fork.  Measurement  No.  8,  of  the  Lesh  ditch  which  takes  water  from 
the  left  bank  of  the  creek  in  sec.  17,  T.  12  N.,  E.  16  E.,  or  three-fourths 
of  a  mile  below  the  junction  of  the  two  forks,  is  0.06  second-foot.  Meas- 
urement No.  9,  of  the  creek  at  *'The  Narrows,"  about  the  center  of 
section  15,  is  49.8  second-feet.  Subtracting  from  this  the  sum  of  meas- 
urements Nos.  7  and  8,  the  result  shows  a  gain  of  10.3  second-feet  in  a 
distance  of  2^  miles.  Measurements  Nos.  10  to  13,  inclusive,  are  of 
three  small  ditches,  taking  water  from  the  left  bank  of  the  creek 
above  the  Catholic  mission.  Their  total  discharge  is  3.8  second-feet. 
This  sum,  subtracted  from  the  discharge  at  "The  Narrows,"  leaves 
46.0  second-feet.  In  the  vicinity  of  the  Catholic  mission  two  natural 
sloughs  take  a  large  part  of  the  flow  of  the  creek,  and  a  large  number  of 
small  canals  take  water  from  them  lower  down.  In  this  series  of  measure- 
ments the  sloughs  were  considered  simply  as  canals  or  channels  from 
the  main  creek  and  were  not  measured  below  the  head.  Measurement 
No.  14  is  of  the  north  slough  just  above  the  mission.  Measurement 
No.  16  is  of  the  middle  slough,  which  diverts  water  a  quarter  of  a  mile 
below  the  mission.  Measurement  No.  15  is  of  the  main  creek,  100  feet 
below  the  mouth  of  the  middle  slough.  The  sum  of  measurements 
Nos.  14  to  16,  inclusive,  is  42.2  second-feet.  This,  subtracted  from  46 
second-feet,  found  above,  shows  a  loss  of  3.8  second-feet. 

Measurement  No.  15  of  Atanum  Creek  below  the  middle  slough  is  9 
second-feet.  The  sum  of  the  two  small  ditches,  measurements  Nos.  17 
and  18,  taken  out  between  this  point  and  the  next  measurement  of  the 
creek,  is  0.6  second-foot,  which,  subtracted  from  measurement  No.  15, 
leaves  8.4  second-feet.  Measurement  No.  19  is  8.4  second-feet,  which 
shows  neither  loss  nor  gain  in  the  distance  of  2.5  miles.  The  sum  of 
measurements  Nos.  20  and  21,  of  two  ditches  from  the  left  bank,  is  3.6 
second-feet,  which,  subtracted  from  measurement  No.  19,  leaves  4.8 
second-feet.  Atanum  Creek  measurement  No.  22,  at  Woodhouse  ranch, 
gives  0.7  second-foot.  This  shows  a  loss  of  4.1  second-feet  between 
measurements  Nos.  19  and  22,  in  a  distance  of  If  miles.  The  sum  of 
measurement  No.  23,  of  the  creek  at  Tanner  bridge,  in  sec.  8,  T.  12  N., 
R.  18  E.,  and  of  measurement  No.  24,  of  Indian  ditch,  gives  a  result  of 
1.8  second-feet.  This  shows  a  gain  of  1.1  second-feet  between  measure- 
ments Nos.  22  and  23,  in  a  distance  of  3  miles.  The  difference  between 
m.easurements  Nos.  23  and  25,  taken  out  of  the  creek,  shows  a  gain  of 
0.1  second-foot  in  a  distance  of  3^  miles.  Measurement  No.  28,  at  the 
highway  bridge,  just  above  the  mouth  of  the  creek,  shows  a  discharge 
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of  12.5  second-feet.  This  amount  comes  chiefly  from  the  waste  of  Wide 
Hollow  slough. 

The  following  table  gives  a  summary  of  the  above  measurements : 

Summary  of  measurements  on  Atanum  Creek  and  canals  taking  water  tJierefrom. 


Second-feet. 

1.  North  Fork  above  Anderson's   50. 1 

2.  John  Cox  ditch   6.  9 

3.  Two  small  ditches.    1.  0 

4.  Slough  at  Kinney's   4.  5 

 12. 4 

Difference   37.7 

5.  North  Fork  at  bridge     25.2 


Loss   12.  5 


5.  North  Fork  at  bridge   25.  2 

6.  Waste  water   2.  2 

  27.  4 

7.  Atanum  Creek,  below  junction  of  North  and  South  forks   40. 1 


South  Fork   12.  7 


7.  Atanum  Creek,  below  junction   40. 1 

8.  Lesh  ditch   0.  6 

 39.  5 

9.  Atanum  Creek  at  Narrows   49.8 


Gain   10.3 


9.  Atanum  Creek  at  Narrows   49.  8 

10  and  11.  Herkes  ditches   1.  0 

12.  Morris  ditch   2.5 

13.  Small  Mission  ditch   0.3 

  3.8 

 46. 0 

14.  North  slough   23.4 

16.  Middle  slough   9.8 

15.  Atanum  Creek   9.  0 

 42. 2 

Loss   3.8 


15.  Atanum  Creek,  below  Middle  slough   9.0 

17.  Lynch  ditch   0.  3 

18.  Yallup  Indian  ditch   0.  3 

  0.6 

Difference   8. 4 

19.  Atanum  Creek,  below  Yallup  ditch   8. 4 


Loss  or  gain   0. 0 


19.  Atanum  Creek,  below  Yallup  ditch   8.  4 

20.  Simpson  ditch    3.  0 

21.  Woodhouse  ditch   0,6 

  3.6 

Difference   4.8 

22.  Atanum  Creek  at  Woodhouse  ranch   0.  7 


Loss   4. 1 
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Second-feet. 

22.  Atannm  Creek  at  Wooclhouse  ranch   0.  7 

23.  Atauum  Creek  at  Tauner  bridge   0.  8 

24.  Indian  ditch   1.0 

 1.8 

Gain   1.1 


23.  Ataaum  Creek,  Tanner  bridge   0. 8 

25.  Atanum  Creek,  section  lines  11  and  12   0.  9 


Gain   0.1 


26.  Waste  slough   2. 5 

27.  Waste  slough,  Wide  Hollow   14. 9 


17.4 

28.  Atanum  Creek,  Union  Gap  Bridge   12. 5 


List  of  miscellaneous  discharge  measurements  of  Atanum  Creek  (a). 


Date. 

Stream. 

Locality. 

Meter 
num- 
ber. 

Gage 
height. 

Area  of 
section. 

Mean 
velocity. 

Dis- 
charge. 

1897. 

May  10 

June  9 
July  2 
July  15 
July  27 

Atanum  . . . 
....do 

Union  Gap,  Wash- 
ington. 
..-.do  

70 

Feet. 

Sq.  feet. 
84 

40 
37 
34 

Feet  per 
second. 

3. 14 

3.  55 
1. 16 
0. 91 

Sec.  feet. 

264 

142 
43 
31 
13 

....do 

....do  

74 
74 
74 

 do  

-...do  

....do 

....do  

a  Made  at  the  highway  bridge  just  above  the  mouth  of  Atanum  Creek  at  Union  Gap. 


BUMPING  LAKE  RESERVOIR  SITE. 

Naches  Elver  is  probably  the  most  important  stream  for  irrigation 
purposes  in  the  State  of  Washington.  The  volume  of  water  in  the 
streaLm  is  discussed  on  page  477.  It  seemed  desirable,  on  account  of 
the  number  of  irrigation  systems  taking  water  from  this  river,  as  well 
as  on  account  of  several  new  projects,  to  investigate  its  storage  possi- 
bilities. Bumping  Lake  reservoir  site  is  especially  noted,  and  in  the 
summer  of  1897  it  was  decided  to  make  a  survey  of  this  site.  The  lake 
being  located  at  some  distance  from  any  surveyed  land,  it  was  neces- 
sary to  connect  with  a  government  corner  by  running  a  meander  line 
with  stadia  and  transit  and  then  to  survey  the  reservoir  site  with 
plane  table.  A  party  was  formed,  consisting  of  Mr.  Gyrus  0.  Babb 
and  two  assistants,  one  as  front  flagman  and  stadia  man  and  the  other 
as  rear  flagman,  with  a  third  man  to  act  as  packer  and  cook. 

At  the  time  of  the  commencement  of  this  survey  a  party  was  just 
completing  the  survey  of  two  townships  for  the  General  Land  Ofli(5e, 
Ts.  14  and  15  N.,  R.  15  E.  On  August  9,  1897,  the  two  assistants 
started  up  Naches  Kiver  with  the  pack  train,  with  instructions  to  find 
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these  surveyors  and  obtain  from  them  the  description  of  the  most  con- 
venient section  corner  from  which  to  start  the  meander  line  to  connect 
with  Bumi3ing  Lake.  This  was  fonnd  to  be  the  north  corner  on  the 
township  line  between  sees.  3  and  4,  T.  15  N.,  R.  15  E.,  Willamette 
meridian.  It  is  marked  by  a  i)ine  post,  4  inches  square,  set  in  a  mound 
of  rock,  located  about  5  miles  west  of  Scott  Stevens's  ranch,  in  Dry 
Creek  gorge,  and  1,000  feet  west  of  the  Nile  schoolliouse.  The  survey 
was  started  from  this  point  August  12,  running  in  a  northwesterly 
direction  uj)  Naches  River  to  the  mouth  of  Bumping  River,  and  thence, 
in  a  southwesterly  direction,  up  this  latter  stream  to  Bum^iing  Lake. 
The  line  was  run  with  stadia  and  transit,  reading  horizontal  angles, 
and  checking  with  the  magnetic  needle  bearings.  It  took  from  August 
12  to  26,  inclusive,  to  run  this  meander  of  32.7  miles.  The  distances 
from  the  Nile  schoolhouse  to  various  well-known  points  along  Naches 
and  Bumping  River  trails  are  as  follows: 

Miles. 


North  Yakima  to  Nile  schoolliouse   31.  0 

Nile  schoolhouse  to — 

Hanging  Rock     5.8 

Edgar  Rock   10.  2 

Mouth  of  Bumping  River   15. 0 

Ford  on  American  River   18. 9 

Soda  Springs   24,  6 

Goose  Prairie   29.  0 

Outlet  Bumjiing  Lake   32.  7 


Total  distance  from  North  Yakima  to  Bumping  Lake   63.  7 


Tbe  return  trip  was  made  over  the  Clover  Springs  pass  and  down 
the  Dry  Creek  trail  to  the  Nile  schoolhouse  again,  shortening  the  above 
distance  by  about  8  miles. 

The  Naches  Valley,  from  North  Yakima  to  about  Nile  schoolhouse, 
is  practically  tiraberless.  A  scrub  evergreen  growth  starts  there  and 
gradually  increases  in  size.  Large  bull  pines  are  encountered  near 
Edgar  Rock,  the  trail  often  passing  through  open  groves  of  these  trees. 

The  meander  line  followed  the  trail  to  the  crossing  of  American  River, 
where,  the  forest  growth  becoming  too  dense,  it  was  carried  over  to 
Bumping  River  and  thence  directly  up  the  river,  sighting  from  one 
bank  to  the  other,  and  fording  forwards  and  backwards  on  horseback. 
The  bed  of  the  river,  as  shown  on  PI.  XLIV,  A,  was  full  of  bowlders 
of  all  sizes,  and  it  took  only  a  day  or  so  to  lame  the  horses,  so  that  for 
two  days  most  of  the  party  forded  the  river  on  foot. 

Bumping  Lake,  shown  on  PI.  XLIV,  B,  is  in  the  mountains,  surrounded 
by  high  peaks,  and  only  12  miles  in  a  direct  line  nearly  due  east  from 
Mount  Rainier.  The  mountainous  slopes  are  covered  mainly  with  a 
dense  forest  of  pine,  tamarack,  and  iir.  The  lake  is  located  in  the  Mount 
Rainier  forest  reserve.  On  August  20  a  measurement  of  the  discharge 
at  the  outlet  was  made,  giving  83  second-feet.  At  the  time  of  measure- 
ment the  water  surface  was  115  feet  wide.  The  water  marks  around 
the  lake  show  an  annual  fluctuation  of  about  3  feet.    This  height  may 
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reach  7  feet  during  exceptionally  wet  seasons  or  after  a  winter  of  heavy 
snowfall.  At  a  height  of  10  feet  the  water  surface  would  be  about  150 
feet  wide.    Above  that  the  ground  slopes  rapidly  from  the  river.  The 


length  of  the  proposed  dam,  at  a  height  of  25  feet  above  the  bed  of  the 
river,  at  which  height  tbe  survey  was  made,  would  be  480  feet. 
The  lake  was  evidently  formed  by  the  deposit  of  glacial  drift  in  the 
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valley,  as  this  is  the  formation  at  the  outlet.  ]N"o  rock  was  found  in 
place  in  that  immediate  vicinity.  If  one  follows  the  main  trail  to  the 
head  of  the  lake  on  the  west  side  rock  is  encountered  within  one-half 
mile.  About  opposite  the  second  line  of  sounding  from  the  lake  outlet 
the  trail  passes  on  to  a  steep  shelving  rock,  sloping  rapidly  to  the  lake 
edge.    Beyond  the  island  this  slope  is  more  gentle. 

When  the  lake  was  first  reached  it  was  seen  that  on  account  of  the 
dense  timber  growth  it  would  take  a  long  time  to  apply  the  usual 
methods  of  surveying  reservoir  sites;  that  is,  to  follow  a  certain  con- 
tour with  the  plane  table.  It  was  therefore  decided  to  triangulate  the 
lake,  to  assume  the  surface  as  level,  and  then  from  a  number  of  stations 
on  the  edge  of  the  lake  to  level  up  to  the  contour,  sketching  in  between 
these  points,  and  thus  to  locate  the  contour. 

Bordering  the  lower  half  and  eastern  side  of  the  lake  is  an  extensive 
swamp,  impenetrable  on  account  of  the  dense  undergrowth.  It  is  also 
extremely  hazardous  to  enter  it,  because  of  the  swampy  nature  of  the 
ground. 

A  series  of  soundings  were  made  of  the  lake.  There  were  two  men 
in  a  canoe,  one  to  manage  it  and  the  other  to  makfe  the  soundings.  A 
third  man  was  on  shore  to  line  in  the  canoe  between  signals,  and  each 
sounding  was  finally  located  with  plane  table  set  up  at  another  station. 
In  all,  twenty-three  soundings  were  made,  distributed  along  five  lines. 
The  greatest  depth  measured  was  only  90  feet — a  surprise  to  every  one, 
as  the  depth  had  been  variously  estimated  from  200  to  700  feet.  The 
results  of  the  survey  are  shown  concisely  in  fig.  167. 

The  area  of  the  lake  is  631  acres.  The  area  of  the  25-foot  contour, 
the  height  of  the  proposed  dam,  is  1,153  acres,  giving  a  reservoir 
capacity  of  22,300  acre-feet.    The  length  of  dam  would  be  480  feet. 

Following  is  a  list  of  lands  segregated  for  the  Bumping  Lake  reser- 
voir site: 

Bumping  Lake  7'eservoir  site  segregation,  Yakima  County,  Washington. 

Acres. 


T.  16  N.,  R.  12  E.  (unsurveyed). 

E.  i  and  E.  i  of  SW.  i,  sec.  22   400 

W.  i  of  NW.  i  and  W.  i  of  SW.  i,  sec.  23   160 

W.  i  of  NW.  i  and  NW.  i  of  SW.  i,  sec.  26   120 

N.  i  and  SW.  i  and  N.  J  of  SE.  i  and  SW.  i  of  SE.  i,  sec.  27   600 

E.  i  of  NE.  i  and  S.  i  of  sec.  28    400 

N.  I  of  NE.  i  and  SW.  i  of  NE.  i  and  NW.  i  and  N.  i  of  SW.  i,  sec.  33    360 

NW.  i  of  NW.  1  sec.  34   80 


Total   2,120 


As  stated  above,  the  Northern  Pacific,  Yakima  and  Kittitas  Irriga- 
tion Company  surveyed  this  site  in  September,  1894.  They  also  hewed, 
in  the  immediate  vicinity,  tamarack  timbers  for  the  dam,  and  these  are 
now  piled  up  at  the  outlet  of  the  lake. 
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POINTS  OF  MEASUREMENT  OF  YAKIMA  RIVER,  WASHINGTON 
A.  At  Union  Gap;  B,  At  Kiona. 
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MEASUREMENTS  OF  DISCHARGE. 

Three  gaging  stations  on  Yakima  Eiver  were  maintained  during 
1897,  at  Selah,  Union  Gap,  and  Kiona,  views  of  which  are  given  in  PL 
XLIII,  and  PI.  XLY,  A  and  B,  On  account  of  the  importance  of 
N aches  River  it  was  desirable  to  maintain  a  station  on  that  river  if  pos- 
sible, but  it  was  not  found  practicable  to  do  so  on  account  of  poor  cross 
sections  and  the  liability  of  change  in  channel  during  every  flood. 
This  river  during  flood  brings  down  immense  quantities  of  debris  of 
sand  and  gravel.  A  number  of  discharge  measurements  were  made  of 
^Taches  River  from  the  highway  bridge  at  its  mouth  and  below  all  canals, 
showing  the  amount  of  water  going  to  waste,  which  is,  however,  avail- 
able for  the  Sunnyside  canal  below.  To  the  following  amounts  should 
be  added  150  second-feet,  which  is  approximately  the  combined  flow  of 
the  loaches  ditches:  June  10,  3,178  second-feet;  June  18,  1,993  second- 
feet;  July  29,  781  second-feet;  September  22,  385  second-feet;  Novem- 
ber 15, 1,500  second-feet.  The  maximum  discharge  of  the  Naches  for 
1897  was  in  May,  and  was  about  7,000  second-feet,  as  shown  by  the 
difference  in  discharge  at  the  Selah  and  Union  Gap  gaging  stations 
on  Yakima  River.  The  minimum  discharge  in  1897  was  probably  385 
second-feet.  This  station  is  described  in  Water-Supply  and  Irrigation 
Paper  ^o.  16,  p.  174. 

May  19, 1897,  a  station  was  established  on  Yakima  River  at  the  bridge 
of  the  Northern  Pacific  Railway  at  Selah,  7  miles  above  North  Yakima 
and  above  the  mouth  of  Kaches  River,  with  the  idea  that  the  difference 
in  discharge  between  this  station  and  the  one  at  Union  Gap  would  give 
approximately  the  discharge  of  the  Naches.  Two  ditches,  those  of  the 
Moxee  Company,  are  taken  out  between  these  points,  but  their  amount 
is  about  counterbalanced  by  that  received  from  Atanum  Creek  and  the 
wastage  at  Oldtown. 

In  Water- Supply  and  Irrigation  Paper  No.  16,  p.  173,  is  given  a 
description  of  the  Selah  station,  together  with  the  discharge  measure- 
ments made  in  1897  and  the  table  of  gage  heights  for  1897.  The 
accompanying  tables  comprise  the  rating  table  for  this  station  and 
the  table  of  monthly  discharge.  A  view  of  the  gaging  station  is  shown 
in  PI.  XLIII,  J5. 
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Bating  table  for  Yakima  Biver  at  Selah,  Washinyton,  for  1897. 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

1 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

.  Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

4.5 

460 

6.0 

1,  900 

8.0 

5,  425 

10.0 

11,  060 

4.6 

552 

6.2 

2,  150 

8.2 

5,  898 

10.5 

12,  769 

4.7 

644 

6.4 

2,  422 

8.4 

6,  391 

11.0 

14,  590 

4.8 

736 

6.6 

2,  718 

8.6 

6,  905 

11.5 

16,  515 

4.9 

828 

6.8 

3,  038 

8.8 

1,  440 

12.0 

18,  545 

5.0 

920 

7.0 

3,  380 

9.0 

7,  995 

12.5 

20,  673 

5.2 

1, 104 

7.2 

3,  745 

9.2 

8,  570 

13.0 

22,  895 

5.4 

1,  288 

7.4 

4, 132 

9.4 

9.165 

5.6 

1,  472 

7.6 

4,  541 

9.6 

9,778 

5.8 

1,  674 

7.8 

4,  972 

9.8 

10,  409 

Estimated  monthly  discharge  of  Yakima  Biver  at  Selah,  Washington. 

[Drainage  area,  1,960  square  miles.] 


Month. 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Eun-off; 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1897. 

• 

May  19-31  

13,  848 

6, 142 

9,  318 

240, 266 

1.97 

4.  75 

June  

6,  391 

2,  875 

4,  021 

239,  266 

2. 29 

2.  05 

July  

3,  745 

1,012 

2,  057 

126,  481 

1.21 

1.05 

August  1-21  

1,  015 

644 

811 

33,  798 

0.  32 

0. 41 

September  

a  700 

41,  653 

0. 40 

0.  36 

October  20-31  . 

828 

828 

828 

19,  704 

0. 17 

0. 42 

November  

19,  811 

828 

3,  979 

236,  766 

2.26 

2.  03 

December  

8,  570 

1,  472 

2,  702 

166, 140 

1.59 

1.38 

a  Approximate. 
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Fm.  168.— Discharge  of  Yakima  River  at  Selah,  Washington,  1897. 

The  station  located  at  Union  Gap,  6  miles  below  ]l!^'orth  Yakima, 
is  described  in  Water- Supply  and  Irrigation  Paper  ^o.  16,  p.  175, 
together  with  the  list  of  discharge  measurements  and  the  table  of  gage 
heights  for  1897.  This  station  is  an  important  one  and  is  fitted  with 
cable  and  car,  shown  on  PI.  XLY,  A,  for  use  in  the  measurements.  The 
cable  was  carried  away  during  the  high  water  of  liTovember,  1896,  but 
was  replaced  in  the  spring  of  1897.  It  is  about  2  miles  above  the  head 
of  the  Sunnyside  canal,  and  the  results  show  the  amount  of  water 
available  for  this  canal  and  the  lands  below.  Following  is  the  rating 
table  and  table  of  monthly  discharges : 


Bating  table  for  Yakima  River  at  Union  Gap,  Washington. 
[This  tahle  is  applicable  from  ISTovemher  15, 1896,  to  December  31, 1897.] 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

i 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

4.0 

500 

5.6 

2,  320 

7.2 

5,  793 

;  8.8 

11,  220 

4.2 

705 

5.8 

2,  644 

6,  365 

9.0 

12,  030 

4.4 

915 

0.  0 

3,  000 

7.6 

6,  969 

9.5 

14, 180 

4.6 

1, 125 

6.2 

3,  388 

7.8 

7,  605 

10.0 

16,510  ' 

4.8 

1,335 

6.4 

3,  808 

8.0 

8,  270 

10.5 

19,  015 

5.0 

1,545 

6.6 

4, 258  j 

8.2 

8,  964 

11.0 

21,  690 

5.2 

1,  768 

6.8 

4, 738  1 

8.4 

9, 687  ' 

11.5 

24,  536 

5.4 

2,  028 

7.0 

5,250 

8.6 

10,  439 

12.0 

1 

27,  550 

480 


PROGRESS  OF  STREAM  MEASUREMENTS  FOR  1897. 


Estimated  monthly  discharge  of  Yakima  River  at  Union  Gap,  Washington. 

[Drainage  area,  3,300  square  miles.] 


Month. 


1896. 

August  -  -  - 
September 
October  .. . 
November . 
December  . 


1897. 
January, . . 
February 

March  

April  

May  

June  

J  Illy  

August  

September 

October  

November . 
December . 


The  year 


Discharge  in  second-feet. 


Maxi- 
mum. 


2,  600 
1,  170 
910 
45,  550 
10,  439 


4,  738 
27,  550 
23,  954 

10,  826 
6,  365 
1,440 

915 
1,  020 
25, 135 

11,  220 


Mini- 
mum. 


1,  170 
910 
840 
910 

2,  320 


1,  650 
4,  738 
11,  621 
4,  738 

1,  650 
915 
705 
705 
915 

2,  320 


Mean. 


1,650 
1,  071 
860 
7,  652 
5, 162 


a  2, 100 
a  3,  000 

2,  472 
15,  004 
15,  685 

7, 109 

3,  291 
1, 168 

817 
810 
5,  274 
3,  969 


5,  058 


Total  in  acre- 
feet. 


101,  454 
63,  729 
52,  879 
455,  325 
317,  399 


129, 125 
166,  612 
151,  998 
892,  798 
964,  439 
423,  014 
202,  357 
71,  818 

48,  615 

49,  805 
313,  824 
244,  046 


3,  658,  451 


Run-oflF. 


Depth  in 
inches. 


0.58 
0.  36 
0.  30 
2.  58 
1.80 


0.  74 
0.  95 
0.  86 
5.07 
5.47 
2. 40 
1. 15 
0. 40 
0. 27 
0. 28 
1. 79 
1.38 


20. 76 


Second- 
feet  per 
square 
mile. 


0.  50 
0.  32 
0.26 
2.  32 
1.56 


0.  64 
0.91 
0.  75 
4.55 
4.  75 
2. 15 
1.00 
0.  35 
0.  24 
0. 24 
1.60 
1.20 


1..53 


a  Approximate. 


JAN. 
10  20 

FEB. 
10  20 

MARCH 
10  20 

APRIL 
10  20 

MAY 
10  20 

JUNE 
10  20 

JULY 
10  20 

AUG. 
ID  20 

SEPT. 
10  20 

OCT 
10  20 

NOV. 
10  20 

DEC. 
10  20 

< 
« 

1 

< 

1 

I 

i, 

1 

Sec.-ft. 
24, 000 

22, 000 

20, 000 

18, 000 

16, 000 

14,  000 

12,  000 

10, 000 

8,  000 

6, 000 

4,  000 

2, 000 

0 


Fig.  169. — Discharge  of  Yakima  River  at  Union  Gap,  Washington,  1896. 
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Sec.-ft, 


Fig.  170.— Discharge  of  Yakima  Rivnr  at  Union  Gap,  Washington,  1897. 


The  section  at  Kiona  is  an  ideal  one.  The  highway  bridge  crosses 
the  river  on  one  span.  The  section  is  gravelly  and  does  not  change  at 
flood  stages.  It  is  described  in  Water  Supply  and  Irrigation  Paper 
No.  16,  p.  176.  The  ordinary  method  of  gaging  to  obtain  the  mean 
velocity  of  a  vertical  section  is  to  average  the  top  and  bottom  velocities, 
which  are  measured.  The  accompanying  table  gives  the  percentages 
of  the  mean  velocity  so  obtained  to  the  maximum  velocity  for  that  sec- 
tion. May  5  and  May  24  were  for  measurements  at  Kiona;  May  15 
and  May  19  for  measurements  at  Union  Gap  and  Selah,  respectively. 
The  first  columu  gives  the  distance  across  the  section  from  the  initial 
point.  There  are  four  sets  of  columns,  a  set  for  each  date.  The  first 
column  of  each  set  gives  the  depth  of  water,  and  the  second  the  percent- 
age of  mean  to  maximum  velocity.  These  last  figures  are  averaged 
again  in  the  last  line,  and  the  grand  average  is  85  per  cent. 

The  measurements  on  the  above  dates  were  taken  during  the  large 
floods  of  Yakima  Eiver,  where,  if  the  maximum  velocity  only  had  been 
measured,  90  per  cent,  or  even  more,  would  have  been  taken  for  the 
mean  velocity.  It  is  thought  that  85  per  cent  is  the  figure  that  should 
be  used. 

19  GEOL,  PT  4:  31 
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Percentage  of  mean  to  maximum  velocity. 


DistancB. 

Kiona. 

Union  Gap,  May 
15, 1897.  (Gage 
height,  10.90.) 

Selah,  May  19, 1897. 
(Gage  height, 
10.77.) 

May  5, 1897.  (Gage 
height,  11.50.) 

May  24, 1897.  (Gage 
height.  11.52.) 

Depth. 

Per  cent. 

Depth. 

Per  cent. 

Depth. 

Per  cent. 

Depth. 

Per  cent. 

Feet. 
40 

Feet. 

Feet. 

Feet. 
12.7 
14.4 
13.9 
12.  9 
11.6 
10  9 
10.  4 
10.2 
9.9 
9.6 

76 
92 
93 
84 
89 
77 
76 
83 
90 
84 

Feet. 

60 

8.2 
9  2 
10.7 
11.0 
6.2 

77 

81 
84 
82 
89 

80 

100  .... 

120  

140  .... 

160  . 

8.9 
9.  9 

JL±.  iii 
11.  O 

11.8 
11.8 
11.4 
11.9 
11.3 
11.2 
9.9 
7.1 
5.8 

83 
78 
89 

87 
88 
91 
96 
88 
95 
85 
85 
90 

8.5 

10.  0 

11  9 

11.  ^ 

11  9 

11.  Z 

11.7 
11.5 
12.6 

12.  2 
11.7 
11.3 

9.3 
6.0 
6.0 

82 

78 

81 
on 

78 
77 
79 
81 
88 
84 
85 
84 
84 

180  

200 
220 

240 

2.4 
12.5 
10.9 
9,0 
9.6 
7.8 

79 
92 
83 
92 
94 

zbU  

280 

300 

320 

340 

360 

Average 

87 

82 

84 

86 

Average  percentage  of  mean  to  maximum  velocity. 

Per  cent. 


May  5,  Kiona   87 

May  15;  Union  Gap   84 

May  19,  Selah   86 

May  24,  Kiona   82 


Average   85 


PI.  XLY,  shows  the  gaging  station  at  Kiona,  with  a  water  wheel  in 
the  foreground,  which  is  used  for  irrigation  purposes. 

The  following  table  gives  the  list  of  discharge  measurements  made 
on  Yakima  River  at  Kiona,  Washington.  The  principal  facts  are  also 
shown  in  fig.  171,  on  page  484,  in  which  vertical  distances  represent 
height  of  water  on  the  gage  and  horizontal  distances  the  quantity  of 
discharge.  The  plotted  points  obtained  by  measurement  are  shown  by 
the  small  circles,  which  are  numbered  to  correspond  with  the  figures 
in  the  left-hand  column  of  the  table.    Near  or  through  these  is  drawn 
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a  smooth  curve,  from  which  the  values  for  the  rating  table  have  been 
obtained. 


List  of  discharge  measurements  made  on  Yakima  River  at  Kiona,  Washington. 


Num- 
ber. 

Date. 

Hy  drographer . 

Meter 
num- 
ber. 

Gage 
beigbt. 

Area  of 
section. 

Mean 
velocity. 

Dis- 
cbarge. 



Feet  per 

Feet. 

jsq.  jeet. 

second. 

dec.-jeet. 

n  1 

a  J. 

A                     1  )  o  XT!  £3 

oo 

<  Oo 

1  97 

o 

O  til  J  ou 

O. 

1  910 

Q 

A  n  cr  98 

4-  70 

1  IX 

9X7 

4 

Oct  20 

 do  

63 

3.93 

732 

1.09 

796 

1897 

• 

K 
O 

-LX.  O 

^  77 

Ifi  P»!=i7 

6 

May  24 

 do  

74 

11.5 

2,  853 

5.  74 

16,  344 

7 

fin 

74 

9  7 

1  71 

1 1 

8 

June  8 

 do  

74 

8.  75 

2, 147 

4.13 

8,  868 

9 

June  15 

 do  

74 

8.05 

1,  920 

3.60 

6,  908 

10 

July  7 

 do  

74 

7. 15 

1,  609 

3. 18 

5, 118 

11 

July  13 

 do  

74 

6.30 

1,  292 

2.  69 

3,  475 

12 

July  21 

 do  

5.55 

1,  093 

2. 12 

2,  318 

13 

Aug.  5 

Sydney  Arnold  

64 

4.61 

903 

1.34 

1,  217 

14 

Aug.  30 

 do   

64 

4.1 

760 

0.  98 

742 

&15 

....do 

 do  

64 

4.1 

790 

0.  97 

762 

16 

Nov.  6 

 do  

64 

4,08 

779 

1.07 

839 

17 

Dec.  29 

 do  

64 

8.54 

1,  920 

3.88 

1,  459 

a  Not  plotted. 


6  Tbe  same  as  No.  14. 
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Feet. 
11 


10 


9 


6 

S 

c 

O 

o 

o 


o 

o 


o 
o 
o 


o 
o 
10 


o 
o 
o 


o 

o 


o 

o 


o 

o 

e<5 


o 
o 
o 


o 


CO 


o 
o 
o 

00 


Fig.  171. — Eating  curve  for  Kiona  Station  on  Yakima  River,  Washington, 


Bating  table  for  Yakima  River  at  Kiona,  Washington. 
[This  table  is  applicable  from  November  15,  1896,  to  December  31,  1897. J 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

3.5 

525 

5.4 

2, 122 

7.4 

5,  498 

10.0 

12,  045 

3.6 

566 

5.6 

2,  383 

7.6 

5,  921 

10.5 

13,  536 

3.8 

663 

5.8 

2,  663 

7.8 

6,358 

11.0 

15,  036 

4.0 

780 

6.0 

2,  965 

8.0 

6,  810 

11.5 

16,  536 

4.2 

916 

6.2 

3,  279 

8.2 

7, 275 

12.0 

18,  036 

4.4 

1,  071 

6.4 

3,  609 

8.4 

7,753 

12.5 

19,  536 

4.6 

1,  245 

6.6 

3,  955 

8.6 

8,  246 

13.0 

21,  036 

4.8 

1,  438 

6.8 

4,  317 

8.8 

8,  751 

13.5 

22,  536 

5.0 

1,  650 

7.0 

4,  695 

9.0 

9,  270 

14.0 

24,  036 

5.2 

1,  878 

7.2 

5,  089 

9.5 

10,  620 

14.5 

25,  536 
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Estimated  monthly  discharge  of  Yakima  Biver  at  Kiona,  Washington. 


[Drainage  area,  5,230  square  miles.] 


-Du.onTin> 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Run-off. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1896. 

August  

780 

990 

1, 

511 

92,  907 

0. 33 

0.29 

Setttember 

1, 

010 

830 

917 

54. 566 

0.  20 

0.18 

October . 

820 

780 

799 

49, 128 

0. 17 

0. 15 

November 

30, 

000 

850 

6, 

555 

390,  050 

1.39 

1.25 

December 

16 

685 

2, 

885 

9, 

102 

559,  660 

2. 01 

1.74 

1897. 



January   

8, 

803 

2, 

965 

4, 

617 

283,  890 

1.01 

0. 88 

February   

4, 

990 

2, 

965 

3, 

989 

221,  538 

0. 79 

0. 76 

March  

6, 

292 

2, 

330 

3, 

297 

202,  726 

0  72 

0.  63 

April  

25, 

266 

4, 

098 

12, 

997 

773,  373 

2.78 

2.49 

May  

21, 

936 

11, 

324 

15, 

689 

964,  685 

Q  Ad 

6.  UU 

June  

14, 

046 

4, 

890 

7, 

415 

441,  222 

1.58 

1.42 

July  

6, 

358 

1, 

438 

3, 

377 

207,  650 

0. 75 

0.  65 

August  

1, 

438 

780 

1, 

033 

63,  517 

0.  23 

0.  20 

September  

902 

680 

771 

45,  878 

0. 17 

0. 15 

October  

902 

643 

740 

45,  501 

0. 16 

0. 14 

November  

19, 

536 

833 

243 

311,  979 

1.11 

1.00 

December  

13, 

686 

2, 

809 

5, 

170 

317,  893 

1.14 

0.  99 

The  year  

25, 266 

643 

5,  361 

3,  879,  852 

13.  90 

1.03 
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Fig.  172. — Discharge  of  Yakima  River  at  Kiona,  "Washington,  1896. 
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Fig.  173.— Discharge  of  Yakima  Kiver  at  Kiona,  Washington  1897. 
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SPOKANE  RIVER. 

Spokane  Kiver  rises  in  the  beautiful  Ooeur  d'Alene  Lake,  in  the 
State  of  Idaho.  The  two  principal  feeders  of  the  lake  are  the  Ooeur 
d'Alene  and  St.  Joseph  rivers.  The  latter  rises  in  the  Bitterroot 
Mountains,  on  the  western  slope  of  the  continental  divide,  and  iiows 
in  a  general  northwesterly  direction,  emptying  into  the  lake  at  its 
upper  or  southern  end.  Spokane  Eiver,  from  the  outlet  of  the  lake, 
flows  in  a  general  westerly  direction  for  30  miles  until  it  reaches  Spo- 
kane. Throughout  this  distance  it  receives  no  important  tributaries. 
At  Spokane  it  receives  the  drainage  of  Hangmans  Creek,  and  a  little 
way  below.  Little  Spokane  Eiver  emjDties  into  it.  From  that  point  to 
its  mouth  at  Columbia  River,  a  distance  of  60  miles,  no  other  important 
stream  enters.  Above  Spokane  the  river  is  a  surface  stream,  but  at 
this  city  a  fall  of  145  feet  occurs,  making  a  valuable  water  power,  which 
has  been  utilized  to  a  large  extent  by  flour  mills  and  by  a  power  plant 
of  the  Washington  Water  Power  Company,  wliich  furnishes  electricity 
for  the  street-car  service  and  for  the  electric  lighting  of  the  city.  The 
dam  for  the  water  supply  of  Spokane  is  located  4  miles  above  the  city. 

No  canals  take  water  from  Spokane  Eiver  for  irrigation  purposes, 
although  irrigation  would  be  of  great  benefit  to  this  section  of  country, 
as  the  rainfall  is  deficient.  A  gaging  station  was  established  on  this 
river  October  17,  1896,  at  the  bridge  of  the  Oregon  Eailway  and  l^avi- 
gation  Company.  The  station  is  described  in  Water- Supply  and 
Irrigation  Paper  i^o.  16,  p.  177.  A  sufficient  number  of  discharge 
measurements  were  not  made  in  1896  to  allow  the  construction  of  a 
rating  table,  but  one  has  been  constructed  from  measurements  made  in 
1897,  and  has  been  applied  to  the  1896  record.  The  record  of  gage 
heights  maintained  at  the  dam  of  the  Washington  Water  Power  Com- 
pany since  March,  1891,  and  published  in  Water- Supply  and  Irrigation 
Paper  I^To.  11,  pp.  85-88,  can  not  be  utilized  for  conversion  into  daily 
discharges  on  account  of  the  occurrence  of  two  waste  gates  in  the 
northern  abutment,  which  are  open  during  high  stages,  and  the  flumes 
of  the  power  company  in  the  south  abutment,  l^o  record  of  the  amount 
of  flow  is  kept  through  either  of  these  outlets. 

Several  companies  utilize  the  water-power  privilege  at  Spokane,  and 
there  is  apparent  conflict  of  interests.  A  point  of  considerable  imi)ort- 
ance  in  the  use  of  this  stream  for  power  purposes  is  the  fact  that  the 
water  is  exceptionally  clear,  the  stream  carrying  very  little  silt  of  any 
description  that  would  be  likely  to  clog  the  pipe  lines  or  the  water 
wheels  of  the  power  companies. 
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Rating  table  for  Spokane  Eiver  at  Spokane,  WashingtoUf  1897, 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second- feet. 

Feet. 

Second-feet. 

1.0 

1,  341 

3.0 

4,  749 

5.0 

9,  565 

8.5 

20,  577 

1.2 

1,  611 

3.2 

5, 172 

5.2 

10, 114 

9.0 

22,  351 

1.4 

1,  897 

3.4 

5,  609 

5.4 

10,  673 

9.5 

24, 165 

1.6 

2, 199 

3.6 

6,  059 

5.6 

11,  243 

10.0 

26,  012 

1.8 

2,517 

3.8 

6,  523 

5.8 

11,  824 

10.5 

27,  887 

2.0 

2,  851 

4.0 

1,  000 

6.0 

12,  416 

11.0 

29,  787 

2.2 

3,  201 

4.2 

7,  489 

6.5 

13,  941 

11.5 

31,  712 

2.4 

3,  566 

4.4 

7,  990 

7.0 

15,  525 

12.0 

33,  653 

2.6 

3,  946 

4.6 

8,  503 

7.5 

17, 160 

2.8 

i,  340 

4.8 

9,  028 

8.0 

18,  845 

Estimated  monthly  discharge  of  Spokane  River  at  Spokane,  Washington. 

[Drainage  area,  4,005  square  miles.] 


Discharge  in  second -feet. 

Run-ofl". 

Month. 

Total  in  acre- 

Second- 

Maxi- 

Mini- 

Mean. 

feet. 

Depth  in 

feet  per 

mum. 

mum. 

inches. 

square 

mile. 

1896. 

October  25-31  

1,  970 

1,  897 

1,928 

26,  768 

0. 12 

0.  48 

Xovember  

13,  474 

1,  897 

6,  684 

397,  725 

1.86 

1.67 

December  

17, 493 

8,  503 

13,  331 

819,  691 

3.84 

3.  33 

1897. 

January   

10,  957 

6,  523 

8,  014 

492,  765 

2.  31 

2.00 

February   

7,  000 

5, 172 

6, 104 

338,  999 

1.58 

1.52 

March  

8,633 

4,  441 

5,  265 

323,  734 

1.51 

1.  31 

April  

32,  875 

8,  896 

20, 101 

1, 196,  090 

5.60 

5.02 

May  

30,  554 

21,  636 

27,  620 

1,  698,  299 

7.  94 

6.  89 

Juue  

20,  928 

9,  838 

12,  842 

764,150 

3. 57 

3.20 

July  

9,  565 

5,  389 

7,  967 

489,  875 

2. 29 

1.99 

August  

5, 172 

2,  682 

3,  693 

227,  075 

1.06 

0.  92 

September  

2,  766 

2,  356 

2,  554 

151,  973 

0.  71 

0.  64 

October  

2,  356 

1,  972 

2,  086 

128,  264 

0.  60 

0.  52 

November  

11,532 

1,  972 

5,  648 

336,  079 

1.57 

1.41 

December  

12,  416 

8,  245 

10,  237 

629,  453 

2.  94 

2.  55 

The  year  

32,  875 

1,  972 

9,  344 

6,  776,  756 

31.  68 

2.33 
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Fig.  174.— Discharge  of  Spokane  River  at  Spokane,  Washington,  1896  and  1897. 


WENACHE  RIVER. 

Wenache  Eiver  drains  a  section  of  the  eastern  slope  of  the  Cascade 
Mountains.  It  has  a  general  southeasterly  direction,  entering  Colum- 
bia liiver  at  the  town  of  Wenache,  Washington.  The  basin  adjoins 
Yakima  Eiver  drainage  basin  immediately  on  the  north,  and  the  areas 
drained  by  the  two  streams  are  similar.  Both  are  densely  wooded,  and 
the  winter  precipitation  in  the  form  of  snow  is  considerable,  amounting 
to  30  feet  during  some  seasons,  according  to  the  reports  of  settlers. 
On  account  of  the  altitude  of  the  mountains  the  maximum  discharge 
does  not  generally  occur  until  the  latter  part  of  May  or  in  June.  The 
summer  flow  is  also  regulated  to  a  certain  extent  by  the  occurrence  of 
a  number  of  lakes  in  the  basin. 

November  1, 1897,  a  gaging  station  was  established  on  this  river  6 
miles  above  its  mouth  and  7  miles  from  the  town  of  Wenache.  It 
is  described  in  Water-Supply  and  Irrigation  Paper  i^o.  16,  p.  178. 
Observations  of  heights  were  taken  at  the  bridge  site  of  the  Wenache 
Water  Power  Company,  5  miles  below  the  station,  and  reduced  to  the 
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station  gage  by  simultaneous  readings  at  both  points.  A  number  of 
discharge  measurements  were  made,  sufficient  for  the  construction  of  a 
rating  table,  as  published  herewith.  The  following  are  the  average  dis- 
charges for  the  three  low-water  months  of  1897:  August,  2,100  second- 
feet;  September,  1,000  vsecond-feet;  October,  755  second-feet.  The  area 
drained  at  the  gaging  station  is  1,527  square  miles.  These  average 
discharges  for  the  three  months,  August,  September,  and  October, 
would  give  a  run-off  of  1.38,  0.65,  and  0.49  second  feet  per  square  mile, 
respectively.  The  minimum  discharge  for  1897  was  700  second-feet, 
giving  a  run-off  of  0.46  second  feet  i^er  square  mile.  The  discharge  of 
Yakima  Eiver  for  1897  was  about  the  average,  so  that  700  second-feet  is 
probably  about  the  average  minimum  discharge  of  Wenache  River. 

During  1897  work  was  pushed  on  the  canal  of  the  Wenache  Water 
Power  Company,  heading  on  the  left  bank  of  the  river  about  1  mile 
above  the  gaging  station.  The  canal  was  practically  completed  during 
the  year,  as  well  as  the  bridge  over  the  river  about  1  mile  above  the 
mouth.  A  i)lant  is  to  be  located  at  this  bridge  for  the  development  of 
electric  power.  The  bridge  is  to  support  a  flume  to  conduct  surplus 
waters  to  irrigate  lands  in  the  vicinity  of  Wenache.  This  is  a  narrow 
strip  of  country,  comprising  about  5,000  acres  between  the  Wenache 
and  Columbia  rivers  and  the  foothills.  It  is  at  present  partially  served 
by  a  few  small  spring  creeks,  but  this  supply  is  insufficient  and  the 
water  furnished  by  the  Wenache  Water  Power  Company  can  be  advan- 
tageously used. 

Bating  table  for  Wenache  River  at  Wenache,  Washington,  for  1897. 


Gage 
height. 

Discharge.  1 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

0.0 

700 

0.6 

1,250 

1.2 

2,650 

1.8 

4,  300 

0.  1 

770 

0.7 

1,450 

1.3 

2,  925 

1.9 

4,  575 

0.2 

840 

0.8 

1,  650 

1.4 

3,  200 

2.0 

4,  850 

0.3 

910  ! 

0.9 

1,850 

1.5 

3, 475 

3.0 

7,  600 

0.4 

1,  000 

1.0 

2, 100 

1.6 

3,  750 

4.0 

10,  350 

0.5 

1, 100 

1.1 

2,  375 

1.7 

4,  025 

5.0 

13, 100 

WALLAWALLA  RIVER. 

Wallawalla  River  rises  in  the  Blue  Mountains,  in  the  southeastern 
corner  of  the  State  of  Washington  and  northeastern  corner  of  the  State 
of  Oregon.  This  range  of  mountains,  having  an  elevation  of  about  2,000 
feet  above  the  surrounding  country,  is  dissected  with  canyons  cut  by  the 
head  waters  of  the  tributaries  of  Wallawalla  River  on  the  west  and 
Grande  Ronde  River  on  the  east.  The  upper  portion  of  the  former  river 
flows  in  a  general  westerly  direction  until  it  is  diverted  northward  by 
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the  i)lateau  north  of  Pendleton,  Oregon.  In  the  vicinity  of  Whitman, 
Washington,  a  number  of  tributaries  enter,  and  thence  to  its  mouth  at 
Wallula,  where  it  empties  into  the  Oohimbia  River,  the  course  of  the 
Wallawalla  River  is  nearly  due  westward.  The  head  waters  of  Touchet 
River  have  a  northerly  course  until  they  unite  at  Dayton  and  Waites- 
burg.  The  course  is  thence  westerly  for  15  miles,  when  the  river  is 
diverted  southward  and  a  short  distance  below  euters  the  main  stream. 
Wallawalla  River  is  a  surface  stream  from  the  time  it  leaves  the  moun- 
tains until  a  short  distance  below  Whitman.  It  then  gradually  sinks 
below  the  general  level  until,  for  the  lower  5  to  7  miles  of  its  course,  it 
is  70  to  80  feet  below  that  level.  The  fall  from  Wallawalla  to  Wallula, 
a  distance  of  30  miles,  is  625  feet. 

Mill  Creek,  on  which  the  city  of  Wallawalla  is  situated,  is  a  peculiar 
stream.  It  emerges  from  the  foothills  onto  the  plain  about  8  miles 
above  the  city.    Three  miles  farther  down  the  creek  divides,  part  of  the 


Fig.  175. — Map  of  streams  in  the  vicinity  of  Wallawalla,  Washington. 


water  continuing  down  Mill  Creek  and  a  part  down  Yellow  Hawk. 
One  and  one-half  miles  farther  down  another  bifurcation  occurs  in  the 
Yellow  Hawk,  forming  a  new  stream.  Garrison  Creek.  These  three 
creeks  do  not  come  together,  but  separately  enter  Wallawalla  River. 
This  delta  formation,  in  a  country  that  has  such  a  slope,  60  feet  to  the 
mile,  is  peculiar,  and  it  has  given  rise  to  more  or  less  legal  difficulties. 

The  water  of  Garrison  and  Yellow  Hawk  creeks  is  used  to  a  certain 
extent  for  irrigation  x^urposes.  Mill  Creek  water  is  not  thus  emi)loyed 
until  after  passing  through  Wallawalla,  because  it  is  used  in  that  city 
for  power  purposes  in  a  number  of  mills.  Owing  to  difficulties  between 
the  mill  owners  here  and  the  irrigators  on  Yellow  Hawk  and  Garrison 
creeks,  the  courts  decreed  a  few  years  ago  that  60  per  cent  of  the  water 
should  pass  down  Mill  Creek  and  40  per  cent  down  Yellow  Hawk.  At 
the  lower  division  50  per  cent  was  to  i)ass  down  each  stream.  Weirs 
were  placed  at  each  i)oint,  but  they  have  been  difficult  to  maintain, 
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especially  tlie  upper  one,  owing  to  the  torrential  character  of  Mill 
Creek  and  to  the  immense  amount  of  debris  brought  down  in  floods. 

At  the  time  of  inspection,  in  May,  1897,  the  weir  partitions  at  the 
ui)per  point  had  been  destroyed.  The  wooden  abutments  and  floor 
were  in  good  condition,  however.  The  channel  of  the  creek  had  also 
undergone  a  change,  so  that  the  main  channel  was  on  the  southern  or 
Yellow  Hawk  side,  and  about  60  per  cent  of  the  flow,  as  estimated  by 
eye,  was  passing  down  this  creek  instead  of  Mill  Greek,  as  the  decision 
called  for. 

The  following  table  gives  the  monthly  precipitation  at  Wallawalla, 
Washington,  from  1890  to  1897,  inclusive,  the  yearly  amount  varying 
from  a  minimum  of  11.80  inches  in  1890  to  a  maximum  of  23.07  inches  . 
in  1893.    The  mean  for  this  period  of  eight  years  is  18.05  inches. 


Rainfall  at  Wallawalla,  Washington. 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Total. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

Inches. 

1890-.-. 

2. 53 

1.35 

2.  45 

0.  38 

1.  36 

1.42 

0.  07 

0. 14 

0. 38 

0.  77 

0.  01 

0.  94 

11.80 

1891.... 

1.18 

2.  70 

1. 16 

0. 73 

0. 88 

3.61 

1.33 

0. 24 

0.41 

0.47 

1.57 

1.83 

16. 11 

1892.... 

3.84 

0. 80 

1.73 

2. 06 

1.25 

1. 04 

0.  39 

0. 21 

0. 71 

0. 92 

1.73 

2.  26 

16.94 

1893.--. 

0.  79 

1.75 

2. 33 

3.  88 

3.  04 

0.  37 

0.  22 

T. 

2.  60 

4.  02 

2. 87 

1.20 

23.  07 

1894 . . - . 

4.99 

1.74 

3.  75 

2. 19 

1.85 

0.  83 

0. 03 

0. 03 

1.05 

2. 48 

0. 75 

0.  80 

20.  49 

1895.... 

2. 52 

0. 55 

1. 17 

1.23 

2.  31 

0. 04 

0. 50 

0. 23 

2.13 

0.  00 

1.  67 

2.54 

14.  89 

1896.... 

1.88 

1.20 

1. 15 

3.85 

1.68 

0. 88 

0. 15 

1.24 

0. 17 

1.57 

3. 09 

2. 55 

19. 41 

1897.... 

1.85 

2. 61 

2. 38 

1. 75 

1.05 

1.51 

0.  84 

0. 42 

1.44 

0. 23 

5. 15 

2. 44 

21.67 

The  vicinity  of  Wallawalla  was  one  of  the  first  settled  in  the  North- 
west, and  it  is  now  a  richly  producing  agricultural  district.  The  foot- 
hills to  the  east  and  the  plateaus,  Eureka  on  the  north,  and  Athena  on 
the  south,  produce  immense  crops  of  the  cereals,  without  irrigation. 
In  fact,  the  southern  area  is  so  rolling  that  it  would  be  difficult  to 
irrigate,  even  if  water  could  be  brought  to  it.  The  yield  of  these  crops 
fluctuates  to  a  certain  extent  j  during  dry  seasons  they  are  almost  a 
failure,  but  with  a  plentiful  rainfall  the  yield  is  abundant.  The  valley 
is  also  noted  for  its  fruit  production. 

Below  or  west  of  Wallawalla  recourse  must  be  had  to  irrigation 
along  the  valley.  A  number  of  ditches  are  taken  from  Wallawalla 
River  below  Whitman,  as  well  as  from  the  lower  10  miles  of  the  Touchet. 
In  order  to  find  the  amount  of  water  available  for  these  canals,  a 
gaging  station  was  established  July  19,  1897,  on  Wallawalla  Eiver,  at 
Whitman,  about  one-half  mile  below  the  mouth  of  Little  Wallawalla 
River.  Only  one  discharge  measurement  was  made  in  1897.  This  was 
on  August  26:  Gage  height,  0.86  footj  discharge,  78  second-feet.  The 
area  drained  at  this  point  is  310  square  miles.  The  station  is  described 
in  Water- Sui)ply  and  Irrigation  Paper  No.  16,  p.  179. 
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UMATILLA  RIVER. 

The  drainage  basin  of  this  river  and  the  irrigation  enterprises  pro- 
jected from  it  a  few  years  ago  were  described  in  Bulletin  Ko.  131,  p.  69. 
The  river  above  Gibbon,  where  the  gaging  station  is  maintained,  has 
a  drainage  area  of  353  square  miles,  and  is  rather  heavily  wooded. 
The  principal  irrigation  enterprise  in  operation  on  the  river  is  in  the 
vicinity  of  Echo,  where  a  canal  is  taken  out  from  the  left  bank.  A 
canal  was  completed  during  1897,  at  Pendleton,  to  be  utilized  for  power 
purposes.  It  is  understood,  however,  that  the  company  controlling  it 
could  not  make  satisfactory  arrangements  with  the  city  of  Pendleton 
for  the  utilization  of  the  electric  power  developed.  A  large  body  of 
irrigable  land  lies  north  of  Umatilla  River,  and  between  it  and  the 
Columbia,  and  it  could  be  easily  irrigated  by  means  of  a  canal  taken 
out  a  short  distance  below  Gibbon. 

A  sufficient  number  of  discharge  measurements  were  not  made  at  the 
gaging  station  on  this  river  in  1896  for  the  construction  of  a  rating  table, 
but  one  has  been  constructed  for  that  year  from  the  1897  measurements. 
This  is  given  below  together  with  the  table  for  1897,  and  on  the  next 
page  the  resulting  figures  of  monthly  discharges  from  the  time  of  the 
establishment  of  the  station,  July  22,  1896,  to  December  31,  1897.  A 
description  of  this  station,  the  list  of  discharge  measurements,  and  the 
table  of  gage  heights  are  given  in  Water- Supply  and  Irrigation  Paper 
No.  16,  p.  180. 


Bating  table  for  Umatilla  River  at  Gibbon,  Oregon,  for  1896  and  1897, 


Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

1896. 

1897. 

1896. 

1897. 

Feet. 

Second-feet. 

Second-feet. 

Feet. 

Second-feet. 

Second-feet. 

0.0 

40 

2.6 

984 

984 

0.1 

49 

2.8 

1, 114 

1, 114 

0.2 

61 

3.0 

1,  252 

1,252 

0.3 

75 

3.2 

1,  398 

1,  398 

0.4 

91 

3.4 

1,552 

1,  552 

0.5 

109  . 

3.6 

1,  714 

1,  714 

0.6 

129 

3.8 

1,  884 

1,  884 

0.7 

70 

152 

4.0 

2,  061 

2,  061 

0.8 

80 

177 

4.2 

2,  245 

0.9 

95 

204 

4.4 

2,  435 

1.0 

125 

233 

4.6 

2,  633 

1.2 

205 

298 

4.8 

2,  809 

1.4 

300 

372 

5.0 

3,  052 

1.6 

400 

454 

5.2 

3,  272 

1.8 

500 

544 

5.4 

3,  498 

2.0 

620 

642 

5.6 

3,  730 

2.2 

740 

748 

5.8 

3,  970 

2.4 

860 

862 

6.0 

4,217 
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Estimated  monthh/  discharge  of  Umatilla  River  at  Gibbon,  Oregon. 


[Drainage  area,  353  square  miles.] 


\T  nn  t,li 

■ 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Runoff. 

Maxi- 
mum. 

jiiini- 
mum. 

Mean. 

-Ueptn  in 
inches. 

Second- 
leei/  per 
square 
mile. 

• 

1896. 



July  22-31  

95 

80 

86 

1,  706 

0.  09 

0.  24 

Auji^ust.  

95 

75 

83 

5,  104 

0.  28 

0.  24 

September  

95 

80 

82 

4,  879 

0.26 

0.  23 

October  

145 

80 

86 

5,  288 

0.  28 

0.  24 

November  

2, 150 

125 

779 

46,  354 

2.  46 

2.  21 

December  

1,  972 

400 

785 

48,  267 

2.  57 

2.  23 

January  

544 

412 

465 

1.  52 

1.  32 

February  

1,  324 

412 

862 

2.  54 

2.  44 

Mfl.rpb 

4,  217 

412 

933 

57,  368 

3.  05 

2.  64 

April   

4,  093 

1,  252 

2,  272 

135, 193 

7. 18 

6.  44 

Mav 

2,  339 

298 

1,088 

66,  899 

3. 59 

3.  08 

June  

316 

177 

225 

13,  388 

0.  71 

0.  64 

July  

334 

100 

165 

10, 146 

0.  54 

0.  47 

August  

109 

75 

92 

5,  657 

0.30 

0.  26 

September  

109 

75 

84 

4,  998 

0.  27 

0.  24 

October  

100 

83 

88 

5,  411 

0.  29 

0.  25 

November  

642 

91 

299 

17,  792 

0.  94 

0. 85 

December  

1,  798 

316 

772 

47,  469 

2.53 

2. 19 

The  year  

4.  217 

75 

612 

440,  786 

23.46 

1.74 

Fig.  176. — Discharge  of  Umatilla  River  at  Gibbon,  Oregon,  1896  and  1897. 
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DESCHUTES  RIVER. 

During  the  first  half  of  October,  1897,  Mr.  Gyrus  G.  Babb,  assistant 
hydrographer,  made  a  reconnaissance  trip  through  this  basin.  From  his 
report  the  following  details  have  been  taken  : 

Immediately  on  leaving  The  Dalles  for  a  trip  southward  through 
Deschutes  Basin  one  finds  an  ascent  of  300  or  400  feet  to  be  made  of 
Golumbia  River  bluft's.  For  the  next  25  miles  the  road  is  through  a 
heavily  rolling  country  that  is  hardly  susceptible  of  irrigation  on 
account  of  this  characteristic.  The  ascent  is  gradual  until  the  top  of 
Tygh  Kidge  is  reached,  at  an  elevation  of  about  2,500  feet,  and  this 
point  may  be  considered  the  southern  boundary  of  the  rolling  section. 
The  area  is  principally  given  up  to  range  purposes  and  to  wheat  grow- 
ing. A  fair  crop  of  this  cereal  is  generally  raised  every  year,  and 
in  a  season  of  plentiful  rainfall,  as  that  of  1897,  an  abundant  harvest  is 
gathered. 

Deschutes  River,  the  eastern  boundary  of  this  section,  flows  in  a 
canyon  1,100  feet  deep  at  the  Free  Bridge,  7  miles  above  its  mouth.  A 
measurement  on  September  27  at  this  point  gave  a  discharge  of  5,962 
second-feet.  The  river  was  then  probably  at  its  lowest  stage  for  the 
season.    In  exceptionally  dry  seasons  it  drops  a  foot  lower. 

From  the  top  of  Tygh  Ridge  a  sharp  descent  of  1,500  feet  is  made  to 
the  valley  of  Tygh  Creek  and  White  River.  On  October  6  the  former 
stream  was  discharging  24  second  feet  and  the  latter  192  second-feet. 
In  the  head-water  country  of  White  River,  in  the  vicinity  of  Wamic, 
irrigation  is  practiced  in  a  small  way.  Four  ditches  are  taken  out: 
One  from  Badger  Greek,  two  from  Threemile  Greek,  and  one  from  Rock 
Greek.  The  first  mentioned  is  the  largest,  5  miles  long,  2^  feet  wide, 
and  1  foot  deep.  The  water  is  used  on  a  number  of  small  orchards  and 
garden  patches.  Below  the  mouth  of  Tygh  Greek  water  is  used  on  a 
few  alfalfa  areas. 

Grossing  White  River  Valley  at  Tygh,  where  it  is  about  1  mile  wide, 
the  road  leads  over  the  rim-rock,  as  it  is  called,  making  an  ascent  of 
about  300  feet,  onto  Juniper  Flat.  This  is  an  approximately  level  tract 
of  land,  extending  for  15  miles  from  White  River  southward  to  Mutton 
Mountains  and  15  miles  westward  from  the  Deschutes  to  low  ranges  of 
hills.  The  area  is  occupied  by  a  number  of  ranches,  and  wheat  is  the 
principal  crop.  The  rainfall  is  scanty,  and  good  crops  are  not  made 
every  year.  Four  years  ago  a  canal  was  projected  to  take  water  from 
Glear  Greek,  about  15  miles  west  of  Wapanitia,  to  be  used  on  this 
tract,  but  only  about  4  miles  of  ditch  was  constructed  at  the  head,  and 
the  project  was  abandoned  two  years  ago.  The  canal,  which  is  8  feet 
wide  on  the  bottom,  heads  2  miles  below  Glear  Lake,  said  to  be  a  good 
reservoir  site.  The  lake  can  be  easily  dammed,  and  is  2i  miles  long 
and  three-fourths  of  a  mile  wide. 

Gontinuing  southward  one  soon  enters  the  Warm  Springs  Indian 
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Reservation,  a  mountainous  tract  of  country,  but  containing  a  number 
of  large,  isolated  valleys,  where  wheat  could  x)robably  be  raised  without 
irrigation.  In  fact,  a  number  of  apparently  good  Indian  ranches  were 
seen,  and  within  the  last  year  or  so  the  Indians  of  this  reservation,  a 
very  industrious  tribe,  have  supplied  the  agency  with  most  of  the  grain 
that  was  required  on  the  reservation. 

There  is  a  large  level  tract  several  miles  wide  on  each  side  of  Warm 
Springs  River  that  would  produce  abundant  crops  from  its  fine  lava 
soil  if  water  could  be  brought  on  it.  Unfortunately  the  river  flows 
through  it  in  a  canyon  700  or  800  feet  deep.  On  October  7  a  measure- 
ment from  the  bridge  over  the  river  on  the  agency  road  gave  a  discharge 
of  284  second-feet. 

Shitike  Creek,  2  miles  above  its  mouth,  at  the  Warm  Springs  Indian 
Agency,  was  discharging 46  second-feet  on  October  8,  and  the  Deschutes 
River  at  the  cable  ferry  above  the  mouth  of  this  creek  was  carrying  on 
the  same  date  4,452  second-feet. 

South  west  ward,  beyond  the  ferry  toward  Prineville,  it  takes  over  an 
hour's  steady  climbing  to  pull  out  of  Deschutes  Canyon.  Once  on  top  a 
drive  of  20  miles  is  made  over  a  nearly  perfectly  level  tract  of  sage-brush 
country  until,  near  Haystack  post-ofiQce,  the  character  of  the  surface 
changes,  becoming  more  rolling,  and  so  continues  until  the  edge  of  the 
hills  overlooking  Prineville  and  Crooked  River  Valley  is  reached.  At 
Haystack  are  a  number  of  prosperous  ranches,  where  hay  and  some 
grain  is  raised  by  dry  farming.  On  October  9  the  combined  flow  of  the 
new  and  old  channels  of  Crooked  River  at  Prineville  was  57  second- 
feet  and  of  the  Prineville  irrigation  canal  3.8  second-feet.  Ochoco  Creek 
was  carrying  12  second -feet  on  the  same  date. 

The  only  large  irrigation  enterprise  of  the  vicinity  is  the  one  men- 
tioned above.  This  canal  heads  2  miles  above  Prineville,  is  15  miles 
long,  and  has  a  bottom  width  of  8  feet.  It  was  finished  four  years  ago, 
and  cost  about  $25,000,  but  very  little  water  is  used  from  it,  although 
there  are  a  number  of  ranches  under  it.  The  principal  reason  for  this 
has  been  that  for  the  last  two  years  the  rainfall  has  been  sufficient  to 
mature  crops.  A  number  of  ranchers  on  Ochoco  Creek  take  out  water 
for  alfalfa,  which  they  feed  to  their  stock  in  winter.  Crooked  River 
Yalley  above  Prineville  is  narrow  and  contains  little  irrigable  land. 

The  Deschutes  River  at  Tetherow's  bridge,  20  miles  due  west  of 
Prineville,  was  discharging  1,722  second-feet  on  October  10.  The  can- 
yon of  the  river  here  is  only  about  300  feet  deep,  and  it  gradually 
decreases  in  depth  upstream.  In  fact,  it  can  hardly  now  be  called  a 
canyon,  as  there  is  a  succession  of  meadow  lands  from  here  up.  PI. 
XLYI  gives  a  view  of  falls  30  feet  in  height,  6  miles  south  of  Tethe- 
row's  bridge  and  about  30  miles  west  of  Prineville. 

A  characteristic  of  the  river  banks  is  now  noticed,  not  before  per- 
ceived. At  i^oints  below,  the  flood  marks  have  been  from  3  to  7  feet 
above  the  present  low  stage.    At  Tetherow's,  and  from  there  up  to 
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Lava  post-office,  grassy  banks  only  a  foot  or  so  high  come  directly  to 
the  water's  edge.  Upon  inquiry  it  is  discovered  that  this  river,  large 
for  an  arid  region,  has  a  yearly  variation  in  height  of  less  than  16  inches, 
in  some  places  only  10  inches.  Twenty-five  miles  above  Tetherow's,  at 
Sizemore's  bridge,  at  Farewell  Bend  on  the  river,  as  it  is  called,  the 
discharge  on  October  11  was  1,921  second-feet.  The  distance  from 
Sizemore's  to  Lava  post-office  is  16  miles.  At  a  i)oint  about  two-thirds 
of  the  way,  in  an  open  pine  forest  growing  in  the  ordinary  fine  lava 
soil,  a  mass  of  rock  is  encountered,  15  feet  high,  a  comparatively  recent 
lava  flow.  For  about  a  mile  the  road  swerves  slightly  eastward  and 
follows  around  this  wall,  lying  within  a  hundred  feet  of  it.  In  the 
center  of  this  rough  barren  lava  rises  a  rounded  hill  about  a  quarter 
of  a  mile  off,  and  possibly  400  feet  high.  The  area  covered  by  this  lava 
flow  is  from  7  to  10  square  miles.  Deschutes  Eiver  skirts  its  western 
edge  for  3  miles  or  so. 

It  is  the  accepted  idea  of  the  people  of  the  vicinity  that  as  the  river 
rises  in  the  spring  the  water  encounters  this  porous  mass  of  lava  and 
flows  off'  into  it.  If  this  were  the  case,  a  more  typical  mountain  river, 
with  flood  marks  5  feet  or  so  high,  would  be  found  above.  But  instead, 
we  find  the  same  grassy  banks,  with  a  yearly  variation  in  height  of 
water  of  about  18  inches.  The  measurement  at  the  Lava  post-office 
bridge  gave  on  October  12, 1,780  second-feet,  less  by  141  second-feet  than 
the  discharge  at  Sizemore's,  below  the  lava.  While  making  the  former 
measurement  large  springs  were  discovered  at  the  west  end  of  the 
bridge,  at  the  edge  of  the  river.  In  fact,  many  of  these  springs  occur 
on  the  West  Fork,  or  Big  Eiver,  and  this  tributary  has  the  same  char- 
acteristic of  varying  not  more  than  about  1  foot  in  height  during  the 
year. 

The  supply  for  this  stream  is  evidently  the  winter  snow  in  the  Cas- 
cades, melting  in  the  spring,  percolating  into  the  ground,  and  later 
finding  its  way  into  the  river  through  springs.  A  rancher  stated  that 
he  had  seen  large  banks  of  snow  melting  in  the  spring,  and  that  200 
feet  below  the  snow  the  soil  was  dusty,  the  water  having  at  once  per- 
colated into  the  ground. 

East  Fork,  or  Little  Eiver,  2  miles  above  Lava  post-office,  was  dis- 
charging 174  second-feet,  October  12. 

The  country  between  Lava  and  Prineville  is  a  level  desert  from  300 
to  600  feet  above  the  Deschutes,  and  apparently  could  be  easily  irrigated 
from  that  river.  Its  general  elevation  is  4,000  feet  above  sea  level. 
The  climate  is  rather  cold,  and  frosts  occur  throughout  the  whole  year. 

In  returning  from  Prineville  to  The  Dalles  a  rolling  country  is  trav- 
ersed and  several  small  streams  are  crossed,  as  Hay,  Willow,  and 
Trout  creeks.  The  water  of  these  streams  is  used  on  a  number  of  hay 
ranches. 

Falls  occur  in  the  river  at  Sherar's,  30  miles  south  of  The  Dalles. 
This  volume  of  water  immediately  below  flows  through  a  cleft  in  the 
19  GEOL,  PT  4  32 
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lava  30  feet  wide  and  80  feet  deep.  A  gaging  station  on  Deschutes 
liiver  was  established  October  19,  1897,  at  a  ranch  3  miles  above  what 
is  known  as  the  Free  Bridge,"  and  16  miles  east  of  The  Dalles.  It  is 
described  in  Water-Supply  and  Irrigation  Paper  l^o,  16,  p.  181.  A 
sufficient  number  of  discharge  measurements  have  not  yet  been  made 
here  on  which  to  base  a  rating  table. 

List  of  miscellaneous  discharge  yneasurements,  Deschutes  River  Basin. 


Date. 


1897. 
Oct.  6  -. 

Do... 
Oct.  7  .. 

Oct.  8  .. 

Do... 

Oct.  9  . 

Do.- 
Oct.  10 
Oct.  11  , 
Oct.  12  . 

Do... 


Stream. 


White  River.  . 
Tygh  Creek. . . 
Warm  Springs 


Deschutes  River 


Shitike  Creek 


Crooked  River  

Irrigation  ditch . . 
Deschutes  River. . 

 do  

 do  

Little  or  East  Fork 


Locality 


Tygh,  Oregon  

 do  

Road -  bridge, 

Oregon. 
Ferry,  Warm 

Springs  Agency. 
Warm  Springs 

Agency. 
Prineville,  Oregon  . 

 do  

Tetherow's  bridge. 
Sizemore's  bridge. . 

Lava,  Oregon  

 do  


Meter 
num- 
ber. 


74 
74 
74 

74 

74 

74 
74 
74 
74 
74 
74 


Area  of 
section. 


Sq.feet. 
98 
16 
356 

1,527 

28 

32 
5 

527 
856 
688 
254 


Mean 
velocity. 


Feet  per 
second. 

1.95 

1.50 

0.  80 

2.  92 

L65 

0.  72 
0.  73 
3.28 
2.  25 
2.59 
0.  69 


Dis- 
charge. 


Sec-feet. 
192 
24 
284 

4, 452 

46 

23 
4 

1,722 
1,  921 
1,  780 
174 


HOOD  RIVER. 

Hood  Kiver,  as  shown  in  fig.  177,  rises  at  the  base  of  Mount  Hood, 
which  has  an  elevation  of  11,225  feet  above  the  sea  and  is  covered  with 
snow  throughout  the  year.  The  river  in  falling  this  height  to  its  mouth 
in  the  short  distance  of  about  30  miles  necessarily  has  a  steep  slope  and 
the  current  is  swift. 

The  valleys  proper  of  Hood  River  are  very  narrow.  In  fact,  the 
stream  runs  through  canyons  and  gorges  throughout  most  of  its  course. 
The  so-called  Hood  Eiver  Yalley  is  a  plateau  extending  from  Columbia 
Eiver  southward  for  7  or  9  miles,  and  is  about  6  miles  wide.  It  is  a 
level  tract  of  land,  the  northern  edge  ending  abruptly  in  the  terrace 
overlooking  Columbia  River  and  at  an  elevation  of  about  250  feet  above 
the  river.  It  thence  slopes  gently  upward  and  southward.  Six  or 
seven  years  ago  this  region  was  largely  covered  with  a  growth  of  fir 
and  juniper.  Since  then  large  tracts  have  been  cleared  and  numerous 
farms  are  to  be  found.  The  chief  products  are  berries  and  fruits,  espe- 
cially the  smaller  kinds.    Hood  River  has  made  its  reputation  within 
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the  last  two  years  through  its  superior  crops  of  strawberries,  which  are 
noted  throughout  the  i^^orthwest. 

The  summer  rainfall  is  hardly  sufficient  to  mature  the  crops  and 
recourse  has  been  had  to  irrigation.  A  small  ditch  from  Dry  Point 
Creek  has  been  in  use  for  a  number  of  years,  but  on  account  of  the 

I  I  r.j/v.  I 


Fig.  177. — Map  of  drainage  basin  of  Hood  River,  Oregon. 


demand  for  water,  another  canai,  that  of  the  Yalley  Improvement  Com- 
pany, was  built  and  completed  in  July,  1897.  Water  is  sold  at  $5  an 
inch  at  a  6-inch  pressure.  This  is  a  high  rate  compared  to  that  generally 
prevailing  throughout  the  arid  region,  but  the  consumers  do  not  com- 
plain, the  value  of  their  x^roducts  allowing  the  tax. 
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The  canal  heads  about  10  miles  south  of  the  town  of  Hood  River 
and  about  1  mile  below  the  junction  of  the  East  and  West  forks,  and 
on  the  east  bank  of  the  river.  One  mile  below  its  head  the  canal 
crosses  Hood  River  on  a  trestle  bridge  over  to  the  west  side,  where  the 
water  is  used.  The  canal  is  12  miles  long,  4  feet  wide,  and  is  to  carry 
3  feet  of  water.  During  the  summer  after  its  completion,  400  inches  of 
water  under  a  6-inch  pressure  were  used. 

Land  adapted  to  farming  purposes  is  found  on  the  east  side  of  the 
river  as  well  as  on  the  west  side,  and  to  serve  the  former  a  ditch  was 
started  in  1897,  called  the  East  Side  or  Bone  ditch.  It  heads  on  the 
East  Fork  about  18  miles  south  of  the  town  of  Hood  River  and  only  a 
short  distance  above  the  so-called  Free  Bridge  on  the  stage  road  to 
Mount  Hood.  Three  miles  only  were  constructed  in  1897,  but  the  idea 
is  to  push  the  canal  to  completion  as  soon  as  possible. 

As  a  suitable  location  for  a  gaging  station  could  not  be  found  above 
the  head  of  the  ditches  on  this  river,  one  was  established,  October  20, 
1897,  at  Tucker,  5  miles  south  of  the  town  of  Hood  River.  A  measure- 
ment on  this  date  showed  a  discharge  of  459  second-feet.  A  previous 
measurement  on  September  28  gave  a  discharge  of  541  second-feet. 
Probably  400  second-feet  is  about  the  minimum  flow  of  this  river.  The 
station  is  described  in  Water-Sui^ply  and  Irrigation  Paper  a^o.  16,  p.  181. 

The  accompanying  table  shows  the  amount  of  precipitation  as 
recorded  at  the  Weather  Bureau  station  at  the  town  of  Hood  River, 
Oregon : 

Eaiiifall  at  Hood  River,  Oregon. 


Tear. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

Jul}^ 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Total. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

1890.... 

6.98 

8. 10 

3. 14 

0.  93 

0.  19 

0.47 

0. 16 

0.  08 

0.  00 

2.  43 

0.  06 

3.  09 

25.63 

1891.... 

2. 45 

6. 70 

2.  80 

1. 10 

1.00 

1.20 

0.  35 

0.  05 

1. 18 

2.45 

4.  55 12. 85 

36.  68 

1892.... 

4.45 

1.50 

1.80 

4.02 

0.  75 

0.  54 

0.  27 

0. 12 

0. 48 

2. 12 

5. 83 

10.  94  32.  82 

1893-.-. 

3. 25 

8.03 

4.23 

5.  76 

2.58 

0.50 

0.  33 

0.  00 

3.26 

9.  81 

9.  56 

6.  86'54. 17 

1894.... 

11.  72 

5. 03 

12.  67 

1.  68 

1.56 

1.79 

T. 

0.  OC 

2. 00 

3.93 

3. 78 

4. 13 

48.29 

1895.--. 

10. 85 

1. 16 

3.  68 

1.90 

3.  33 

0.  25 

0.  64 

0. 15 

2.91 

0. 01 

3.  82 

12.  83 

41.53 

1896... . 

7.  61 

4. 53 

5.00 

3. 17 

3.  78 

0. 54 

0. 00 

0. 22 

0.  98 

1.81 

16.  55 

9.00 

53. 19 

1897.... 

2.85 

7.45 

6.  78 

1.84 

0.81 

0.  95 

0. 18 

0.30 

1.29 

1.24 

10. 64 

12.54 

46.  87 
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CEDAR  RIVER. 

Measurements  of  Cedar  Eiver,  Washington,  were  begun  in  August, 
1895,  by  Mr.  T.  A.  Noblej^  for  the  Seattle  Power  Company.  The  point 
of  measurement  is  at  Oliftbrcrs  bridge,  In  sec.  19,  T.  22  IS".,  R.  7  E.,  Willa- 
mette meridian.  A  continuous  record  of  the  flow  since  that  time  has 
been  kept  by  Mr.  l^foble.  The  drainage  area  is  estimated  to  be  about 
143  square  miles.  The  total  depth  of  water  coming  from  this  drainage 
area  was  80.73  inches  during  the  year  ending  August,  1896;  99.83 
inches  during  the  year  ending  December  31,  1896;  and  102.35  inches 
during  the  year  ending  December  31, 1897.  The  nearest  ofiflcial  record 
of  precipitation  has  been  kept  at  Northbend.  During  1897  the  meas- 
urements show  that  the  precipitation  was  90  inches,  excluding  August, 
September,  and  October,  during  which  no  record  was  kept.  Probably 
not  more  than  2  or  3  inches  and  possibly  less  than  1  inch  fell  during 
these  three  months.  Thus  the  run-off  of  over  102  inches,  when  com- 
pared with  the  probable  precipitation  of  something  over  90  inches  at 
i^orthbend,  indicates  that  there  must  be  a  considerable  increase  of 
precipitation  on  the  mountain  slopes.  Mr.  Noble  thinks  that  the  pre- 
cipitation near  the  summit  of  the  mountain  must  be  as  much  as  150 
inches  a  year.  The  diagram  in  fig.  178  gives  the  record  of  fluctuations 
during  the  year  1897. 
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Fig.  178. — Discbarge  of  Cedar  River,  near  Seattle,  Washington,  1897. 


I  Gaging  of  Cedar  Elver,  Washington,  by  Theron  A.  Noble :  Proc.  Am.  Soc.  Civ.  Eng.,  Vol.  XXIV, 
pp.  662-675. 
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Estimated  monthly  discharge  of  Cedar  lUver,  near  Seattle,  Washington. 


■  [Drainage  area,  143  square  miles.] 


Discharge. 

Run-off. 

Month. 

Maximum. 

Minimum. 

Mean. 

lota 
mon 

lor 
th. 



Depth. 

Per  square 
mile. 

1895. 

Second-feet. 

Second-feet. 

Sec.-feet 

Acre- 

feet. 

Inches. 

Second-feet. 

September  13-30 

433 

174 

252 

% 

000 

1. 17 

1.76 

October  

253 

138 

181 

285 

1.46 

1.27 

November  

241 

94 

151 

8, 

985 

1. 18 

1.06 

December  13-30. 

2, 176 

669 

160 

41, 

400 

5. 40 

8. 11 

1896. 

January   

2,  932 , 

727 

1,  273 

78, 

272 

10.  28 

8. 90 

February   

2,  469 

743 

1,  334 

76, 

732 

10.  06 

9.  33 

March  

2,  034 

608 

1,  012 

62, 

226 

8. 18 

7.  08 

April  

1,316 

628 

877 

52, 

186 

6.83 

6. 13 

May  

2,  029 

864 

1,  208 

74, 

276 

V-  to 

ii,  d-d. 

Juue  

2,361 

1,  363 

1,  650 

98, 

182 

11 .  Do 

July  

1,  901 

320 

784 

48, 

206 

D.  OO 

O.  'iO 

Auerust  

347 

197 

260 

15, 

987 

1.  OiS 

September  

205 

157 

179 

10, 

652 

1.  oy 

1.  Zo 

October  

221 

150 

172 

10, 

576 

1.  OO 

t  OA 

1.  zo 

November  

4,  695 

721 

1,  595 

94, 

909 

1  O   /I  Q 

■ft    1  K 
11.  io 

December  

4, 189 

757 

2,217 

136, 

318 

17.  90 

lO.  OU 

The  year . 

4,695 

150 

1,  047 

758, 

522 

99. 49 

7.32 

1897. 

January  

2,  812 

815 

1,  430 

87, 

928 

11.55 

10.  00 

February   

2,415 

823 

1,  303 

72, 

365 

9.  49 

9. 11 

March  

1,  366 

723 

901 

55, 

400 

7.  28 

6.  30 

Ai)ril  

2,  752 

790 

1,  599 

95, 

147 

12.  47 

11. 18 

May  

2, 143 

939 

1,  562 

96, 

043 

12.61 

10.  92 

June   

1,410 

780 

1,  060 

63, 

074 

8.26 

7.41 

J"iy  

2, 284 

572 

1, 135 

69, 

788 

9. 15 

7.  93 

August  

561 

342 

427 

26, 

255 

3.44 

2.  98 

September  

418 

311 

350 

20, 

827 

2.  72 

2.  44 

October  

433 

294 

339 

20, 

844 

2.  74 

2.  37 

November  

3, 155 

323 

1,  318 

78, 

426 

10. 28 

9.  22 

December  

3,  601 

674 

1,  639 

100, 

778 

13.  23 

11.46 

The  year  . 

3,  601 

294 

1,  089 

786, 

875 

103. 22 

7.  61 
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OLYMPIC  PENINSULA. 

The  section  of  country  known  as  the  Olympic  Peninsula,  shown  in 
fig.  179,  is  located  in  the  northwestern  part  of  the  State  of  Washington, 
between  Puget  Sound  and  the  Pacific  Ocean,  and  comprises  Clallam 
and  Jefferson  counties  and  the  northern  half  of  Chehalis  County.  It 
is  occupied  by  the  mass  of  the  Olympic  Mountains,  the  highest  peak 
being  Mount  Olympus,  with  an  elevation  of  8,138  feet  above  sea  level. 

This  district  is  as  little  known  as  any  in  the  United  States.  The 
mountains  are  rugged  and  extremely  precipitous,  and  the  forest  growth 
is  so  dense  as  to  be  almost  impenetrable.  No  exploring  expeditions 
have  penetrated  the  heart  of  the  range,  and  only  one  or  two  have  been 
through  the  western  portion  of  it.  The  settlements  are  along  the  shores 
or  extend  for  only  a  few  miles  up  the  valleys  of  some  of  the  rivers. 


Fig.  179. — Map  of  river  stations  in  Olympic  Peninsula. 


The  accompanying  view,  PI.  XLYII,  A,  was  taken  in  the  forest  10 
miles  south  of  Port  Angeles,  Washington.  The  precipitation  in  this 
region  is  greater  than  that  in  any  other  part  of  the  United  States.  The 
rainfall  at  a  number  of  stations  here  is  shown  in  the  table  on  page  508. 
The  greatest  annual  amount  was  at  i^eali,  in  1894,  when  131.52  inches 
fell.  Probably  a  greater  amount  falls  on  the  mountain  summits.  As 
may  be  seen  from  the  tables,  the  rainfall  increases  from  east  to  Avest. 
In  the  vicinity  of  Dungeness  and  Port  Angeles  the  least  rainfall  occurs 
in  the  summer  months  at  the  time  when  it  is  most  needed  for  the  grow- 
ing crops.  On  this  account  the  farmers  are  beginning  to  realize  the 
advantages  of  irrigation,  and  already  two  ditches  have  been  taken  from 
Dungeness  Eiver. 

During  the  summer  of  1897  a  gaging  station  was  established  on  this 
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river,  as  well  as  one  each  on  the  Elwha,  Solduck,  and  Calowa  rivers,  the 
last  two  in  the  southwestern  corner  of  Clallam  County.  PI.  XLYII,  5, 
is  a  view  of  the  gaging  station  on  Dungeness  River,  established  July 
5,  1897,  at  the  county  bridge,  9  miles  above  the  mouth  and  above  the 
head  of  the  two  ditches.  Sufficient  discharge  measurements  have  not 
yet  been  made  to  permit  the  construction  of  rating  tables  for  these 
stations  and  therefore  the  daily  discharges  can  not  be  computed. 

The  following  measurements  were  made:  On  Dungeness  River,  July 
5,  the  discharge  was  546  second-feet;  August  17,357  second-feet;  and 
December  4, 1G5  second-feet.  On  Elwha  River,  the  discharge  on  Octo- 
ber 8  was  406  second-feet;  December  28,  4,623  second-feet.  On  Calowa 
River,  September  6,  the  discharge  was  469  second-feet;  November  12, 
1,494  second-feet.  On  Solduck  River,  September  7,  the  discharge  was 
858  second-feet;  November  13,  1,898  second-feet.  These  stations  are 
described  in  Water- Supply  and  Irrigation  Paper  No.  16,  pp.  182-184. 

The  following  descriptions  of  the  basins  of  Dungeness  and  Elwha 
rivers  are  prepared  by  Mr.  A.  Judson  Adams,  civil  engineer  of  Port 
Angeles  and  hydrograi)her  in  charge  of  the  stations. 

DUNGENESS  RIVER. 

This  river  rises  in  the  Olympic  Mountains,  which  have  a  general 
easterly  and  westerly  trend  and  rise  to  an  elevation  of  8,000  feet.  They 
are  perpetually  covered  with  snow  at  their  summits.  The  source  of 
the  river  is  in  a  number  of  small  lakes  lying  in  latitude  47^  37^  and 
longitude  123°  5',  and  at  an  elevation  of  3,000  feet  above  sea  level. 
Numerous  small  streams,  from  2  to  6  miles  long,  flowing  through  deep 
canyons  and  along  narrow  valleys  from  both  the  east  and  west,  unite 
to  form  the  river,  which  then  takes  a  gener  1  northerly  course  to  the 
sea,  entering  it  at  New  Dungeness,  Washington. 

The  temperature  of  the  waters  of  the  Dungeness,  which  come  directly 
from  melting  snow  in  summer  and  from  cold  rains  in  winter,  varies  but 
little  during  the  year  from  a  few  degrees  above  freezing  point.  The 
country  at  the  head  and  on  both  sides  of  the  river  for  about  25  miles 
down  is  very  rough  and  broken,  there  being  but  few  narrow  valleys 
suitable  for  agricultural  and  grazing  purposes.  About  15  miles  above 
its  mouth  the  river  leaves  the  rough  mountainous  country  and  enters 
a  comparatively  level  section.  Here  the  lands  are  very  fertile,  and 
although  the  greater  portion  of  them  are  in  the  virgin  state,  being 
heavily  timbered  with  fir,  cedar,  spruce,  and  hemlock,  they  are  still 
mainly  owned  by  bona  fide  settlers,  who  are  gradually  clearing  them 
for  farming  purposes.  A  few  miles  farther  down  is  the  head  of  Seguin 
prairie,  containing  about  3,000  acres  of  land,  the  greater  portion  of 
which  is  under  cultivation.  This  i^rairie  is  of  very  regular  contour, 
lying  between  the  elevations  of  110  and  220  feet,  and  is  easily  irrigated. 
The  soil  is  alluvial  and  very  fertile. 

The  total  annual  precipitation  in  this  section  is  from  20  to  30  inches, 
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only  a  small  percentage  of  which,  however,  falls  during  the  spring  and 
summer  months.  The  subsoil  is  of  gravel  and  sand,  not  suited  to  retain 
the  moisture,  and,  as  a  consequence,  the  ground  becomes  dry  and  vege- 
tation dies.  The  bulk  of  the  rainfall  occurs  during  a  well-defined  wet 
season,  from  November  to  April.  During  the  months  of  June,  July, 
and  August  there  is  often  little  more  than  a  trace  of  rain. 

The  Seguin  Irrigation  Company,  composed  of  a  number  of  farmers 
having  land  on  Seguin  prairie,  built  a  ditch  in  1896,  taking  water  from 
Dungeness  Kiver  in  sec.  26,  T.  30  N.,  R.  4  W.,  and  running  to  the 
prairie.  For  the  past  two  seasons  there  has  been  a  limited  supply  of 
water  for  irrigation.  Although  irrigation  is  something  new  to  most 
of  the  farmers  of  this  region  and  they  have  not  yet  learned  approved 
methods  of  applying  the  water  to  the  land  to  obtain  the  best  results, 
yet  they  readily  see  by  the  experience  of  the  last  two  years  the  benefits 
of  irrigation.  Several  farmers  who  used  water  state  that  they  obtained 
more  than  double  the  yield  of  various  crops  that  was  obtained  by  their 
neighbors  who  did  not  irrigate,  and  that  their  products  were  of  better 
quality.  The  following  statement,  giving  the  ratio  of  yield  in  crops  per 
acre  with  and  without  irrigation,  shows  the  experience  of  a  prominent 
farmer  of  Seguin  prairie. 

With  water:  Wheat,  35  to  40  bushels;  oats,  55  to  60  bushels j 
potatoes,  250  to  300  bushels. 

Without  water:  Wheat,  12  to  18  bushels;  oats,  uncertain;  potatoes, 
100  bushels.  The  yield  of  other  products  was  in  about  the  same 
proportion. 

The  Eureka  Irrigating  and  Milling  Company,  also  composed  of 
farmers,  is  constructing  another  ditch  much  larger  than  the  first,  and 
tapping  the  river  about  1  mile  above.  This  latter  ditch  will  be  able  to 
reach  higher  lands  on  the  prairie. 

This  river  has  been  measured  at  the  bridge  shown  on  PI.  XLYII, 
situated  about  9  miles  above  the  mouth  of  the  river  and  18  miles  south- 
east of  Port  Angeles,  Washington,  as  described  in  Water-Supply  and 
Irrigation  Paper  ^o.  16,  p.  182. 

ELWHA  RIVER. 

This  river  rises  on  the  southeastern  slope  of  Mount  OlymjDus,  and  is 
the  largest  stream  flowing  into  the  strait  of  Juan  de  Fuca,  or  Puget 
Sound,  from  the  Olympic  Mountains.  Its  waters  are  clear  at  all  ordi- 
nary stages,  and  run  over  a  gravel  and  bowlder  bottom.  It  is  a  tor- 
tuous and  turbulent  stream,  winding  between  high  and  precipitous 
mountains,  cutting  its  way  through  rocky  ridges,  and  forming  deep  and 
narrow  canyons.  It  passes  through  narrow  valleys  from  a  quarter  of 
a  mile  to  a  mile  in  width  and  of  various  lengths,  and  finally  discharges 
into  the  strait  of  Juan  de  Fuca  about  3  miles  west  of  Port  Angeles 
Harbor,  Washington. 

At  the  head  of  Elwha  River  are  a  number  of  large  open  plateaus 
containing  thousands  of  acres  of  land  covered  with  a  luxuriant  growth 
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of  grass,  affording  an  excellent  range  and  abundant  grazing  for  sheep 
and  cattle  for  about  eight  months  of  the  year.  During  the  winter, 
stock  may  be  driven  to  the  lower  lands,  where  it  can  be  kept  at  a  com- 
paratively small  cost.  These  upper  grass  lands  have  never  as  yet  been 
utilized  for  stock  raising,  and  only  deer,  elk,  and  other  wild  animals  in 
vast  numbers  inhabit  the  country.  There  are  no  settlements  along 
Elwha  Eiver  above  Geyser  Yalley,  which  is  about  18  miles  from  the 
mouth  of  the  river. 

The  bed  of  Elwha  River  is  from  50  to  200  feet  wide  and  is  covered 
with  bowlders  and  large  rocks  which  have  rolled  down  from  the  moun- 
tain sides.  The  banks  are  high  and  the  channel  of  the  river  is  not 
liable  to  change  at  any  place  except  on  the  lowlands  near  the  mouthy 
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riG.  180.— Map  of  dam  site  on  Elwha  Eiver,  Washington. 

where  it  has  been  known  to  shift  its  course  several  times,  doing  a  great 
amount  of  damage  to  the  farmers  in  the  vicinity.  The  change  of  the 
channel  is  caused  by  log  jams,  which  form  in  the  river  and  back  up  the 
water,  causing  it  to  seek  another  outlet. 

The  land  of  the  river  valleys  is  a  very  fertile  alluvial  loam.  Owing 
to  the  recent  settlement  of  the  country,  much  of  this  land  is  still  uncul- 
tivated, being  covered  with  vine  maple,  alder,  cedar,  and  salal  brush, 
but  the  settlers  are  rapidly  clearing  it  and  bringing  it  under  cultiva- 
tion. Little  has  yet  been  done  in  the  way  of  irrigation,  although  a 
number  of  the  farmers  realize  that  they  would  increase  the  yield  and 
improve  the  quality  of  their  crops  if  they  should  water  their  lands 
during  the  dry  season,  which  generally  sets  in  before  the  crops  are 
matured. 
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CANYON  OF  ELWHA  RIVER,  WASHINGTON. 

Looking  upstream  from  point  near  the  cascade 
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While  there  is  a  marked  increase  in  the  volume  of  water  in  Elwha 
River  at  certain  seasons  of  the  year,  yet  the  difference  is  not  so  great 
as  in  many  streams  in  other  sections  of  the  country.  The  reason  for 
this  is  that  during  the  rainy  season  or  winter  months,  while  rain  is  fall- 
ing along  the  coast  and  lowlands,  snow  is  being  stored  in  the  mountains. 
During  the  dry  summer  seasons  the  snow  gradually  melts,  so  that  there 
is  a  more  regular  supply  of  water  to  the  streams  here  than  to  those  in 
regions  which  do  not  have  this  inexhaustible  snow  supply. 

On  Elwha  River  are  a  number  of  water  powers  which  are  as  yet 
undeveloped.    The  one  of  most  value  is  at  Aldwells  Canyon,  shown 
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Fig.  181.— Vertical  section  at  dam  site  on  Elwha  River,  Washington. 


in  PI.  XLYIII,  about  3  miles  from  the  Strait  of  Juan  de  Fuca  and  5  miles 
from  Port  Angeles  Harbor.  The  conditions  here  are  illustrated  by  figs. 
180  and  181,  the  former  being  a  map  of  the  locality  and  the  latter  a 
section  on  the  line  A  B  shown  in  fig.  180.  The  water  level  in  fig.  181 
is  that  of  March  29, 1898,  when  it  stood  at  80.2  feet.  Fully  10,000  horse- 
power can  be  developed  at  this  point  at  comparatively  small  cost  by 
building  a  dam  across  the  canyon,  which  is  from  30  to  60  feet  wide,  100 
feet  deep,  and  one-quarter  of  a  mile  long.  The  walls  are  of  solid  lime 
and  slate  rock  and  are  nearly  perpendicular.    The  natural  formation  of 
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the  bank  on  the  west  side  of  the  canyon  is  such  as  to  permit  the  over- 
flow of  surplus  water  during  freshets,  and  avoid  the  possibility  of 
damage  to  the  power  works.  The  proposition  that  contemplates  devel- 
oping this  power,  if  consummated,  will  flood  the  river  bottom  for  2J 
miles  above  the  canyon. 

There  are  now  three  bridges  across  Elwha  River;  one  at  Aid  wells 
Canyon,  another  at  McDonald,  and  a  third  at  Geyser  Valley.  The 
bridge  at  McDonald  was  selected  as  the  most  suitable  place  for  taking 
discharge  measurements. 


Annual  rainfall  at  Washington  stations. 


stations. 

1888. 

1889. 

1890. 

1891. 

1892. 

1893. 

1891. 

1895. 

1896. 

1897. 

Port  Townsencl. . 

Inches. 

Inches. 
15.  00 
27.58 

Inches. 
19.  95 

Inches. 
24.90 

Inches. 
23.50 
27.  70 

Inches. 
27.  94 
36.  40 
48.  79 
73.  47 
91.83 
118.  88 
104. 19 

Inches. 
27.  62 
30. 42 
47. 15 
66. 13 
101. 15 
131  52 
114.  34 
92.81 

Inches. 

Inches. 

Inches. 

Port  Angeles  

Port  Crescent  . . . 

28.17 

24.  07 
40.  50 
67.  58 
90.  35 
107. 07 
92.95 

30.  40 

29. 12 

Pysht  

68.  31 

Neali  

102.  95 
83.72 

122. 11 
105. 47 
78.  22 

109. 67 
91.38 

Tatoosh  Island . . 
Lapush  

67.95 

87.  53 

100. 85 

95. 21 

SA?^^  FRA^^^CISCO  BAY  WATERSHED. 

The  great  valley  of  California,  shown  on  PI.  XLIX,  comprising  39  per 
cent  of  the  area  of  California,  drains  into  San  Francisco  Bay.  Of  this 
total  area  17  per  cent  is  comprised  in  the  Sacramento  Basin,  20  per 
cent  in  the  San  Joaquin  Basin,  and  the  remaining  2  per  cent  is  the 
smaller  area  immediately  adjacent  and  tributary  to  the  bay. 

SACRAMENTO  RIVER. 

Sacramento  River  rises  in  the  extreme  northeastern  corner  of  the 
State,  and  its  drainage  basin  is  confined  wholly  to  California.  For- 
merly Goose  Lake  had  an  outlet  to  the  Sacramento,  but  of  late  years 
this  lake  has  not  overflowed.  The  area  tributary  to  Goose  Lake  is 
about  1,000  square  miles,  including  650  square  miles  in  Oregon. 

The  gaging  station  on  Sacramento  River  is  located  at  Jellys  Ferry, 
12  miles  above  the  town  of  Red  Bluff,  California,  and  above  Iron  Canyon, 
It  is  described  in  Water- Supply  and  Irrigation  Paper  'No.  16,  p.  185, 
A  record  of  the  gage  heights  of  the  river  is  also  kept  by  the  United 
States  Weather  Bureau  at  Red  Bluff,  as  described  in  the  same  paper, 
on  page  185. 

The  rainfall  measured  in  1897  at  Red  Bluff  and  Sissons  is  shown  in 
the  table,  page  539. 
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Bating  tahlefor  Sacramento  Rivet'  at  Jellys  Ferry,  Calif orma,  for  1S97. 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet 

5.0 

3,  300 

7.6 

10,  400 

10.5 

19,  450 

17.0 

47,  200 

5.2 

3,  820 

7.8 

11,  000 

11.0 

21,  000 

17.5 

50,  050 

5.4 

4,  340 

80 

11,600 

11.5 

22,  750 

18.0 

52,  900 

5.6 

4,  860 

8.2 

12,  200 

12.0 

24,  500 

18.5 

55,  850 

5.8 

5,  380 

8.4 

12,  800 

12.5 

26,  500 

19.0 

58,  800 

6.0 

5,  900 

8.6 

13,  420 

13.0 

28,  500 

19.5 

61,  800 

6.2 

6,  420 

8.8 

14,  060 

13.5 

30,  600 

20.0 

64,  800 

6.4 

%  940 

9.0 

14,  700 

14.0 

32,  700 

21.0 

71,  000 

6.6 

7,  480 

9.2 

15,  340 

14  5 

34,  850 

22.0 

77,  400 

6.8 

8,  040 

9.4 

15,  980 

15.0 

37,  000 

23.0 

84,  000 

7.0 

8,  600 

9.6 

16,  620 

15.5 

39,  500 

24.0 

90,  800 

7.2 

9,  200 

9.8 

17, 260 

16.0 

42,  000 

7.4 

9,  800 

10.0 

17,  900 

16.5 

44,  600 

Estimated  monthly  discharge  of  Sacramento  River  at  Jellys  Ferry,  California. 

[Drainage  area,  9,134  square  miles.] 


Discharge  in  second- feet. 

Run-ofl". 

Month. 

Total  in  acre- 
feet. 

Second- 

Maxi- 

Mini- 

Mean. 

Depth  in 

feet  per 

mum. 

mum. 

inches. 

square 

mile. 

1897. 

January   

49,  765 

8,  320 

14,  280 

878,  050 

1.80 

1.56 

February   

89, 100 

17,  420 

36, 108 

2,  005,  335 

4.11 

3.95 

IMarcli  

44,  340 

13, 100 

21,  790 

1,  339,  825 

2.  76 

2.  39 

28,  710 

18,  830 

22,  807 

1,  357, 108 

2.  79 

2.50 

IMay  

18,  520 

9,  200 

13,  737 

844,  660 

1.73 

1.50 

June  

9,  200 

6,  680 

7,  620 

453,  420 

0.  92 

0.83 

July  

6,  550 

5, 120 

5,  699 

350,  420 

0.  71 

0.  62 

August  

5, 120 

4,  600 

4,  776 

293,  667 

0.  60 

0. 52 

September  

4,  600 

4,  600 

4,  600 

273,  718 

0.  56 

0. 50 

6,  680 

4,  600 

4,  955 

304,  673 

0.62 

0. 54 

November  

8,  600 

5, 120 

5,  590 

332,  627 

0, 68 

0.  61 

December  

16,  940 

5,  380 

7,792 

479, 114 

0  98 

0.85 

The  year  

89, 100 

4,  600 

12,  480 

8,  912,  617 

18.  26 

1.36 
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Tig.  182. — Discharge  of  Sacramento  River  at  Jellys  Ferry,  California,  1897. 


STANISLAUS  RIVER. 

The  gaging  station  on  this  river  is  located  at  Oakdale,  California, 
and  is  described  in  Water-Supply  and  Irrigation  Paper  I^o.  16,  p. 
187.  The  diversion  from  the  Stanislaus  which  occurs  through  the 
Stanislaus  and  San  Joaquin  canal  above  Knights  Ferry  was  measured 
a  number  of  times  during  1897.  This  canal  divides  at  Knights  Ferry, 
the  smaller  i)ortion  of  the  water  being  diverted  into  the  Little  John 
canal.  The  canal  measurements  made  below  the  diversion  of  the  Little 
John  canal  are  as  follows : 

Measurements  ofjloiv  in  Stanislaus  and  San  Joaquin  Valley  canal. 

Second-feet. 

February  16   26 

May  30   54 

July  13  :  36 

September  6   52 

October  29   34 

December  19   17 

Measurements  of  flow  in  Little  John  canal. 

February  16   13 

May  30   12 

July  13     15 

September  6   1.  3 

October  29   0.7 

December  19   3.  6 

The  rainfall,  as  measured  at  Sonora  in  1897,  is  shown  in  the  rainfall 
table,  on  page  539, 
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Bating  table  of  Stanislaus  Biver  at  Oakdale,  California,  for  1897. 


Gage 
height. 

Discharge. 

Grage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
heigiit. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

1.5 

100 

3.0 

450 

4.5 

1,  600 

7.0 

4,510 

1.6 

110 

3.1 

516 

4.6 

1,  696 

7.2 

4,  786 

1.7 

120 

3.2 

582 

4.7 

1,  792 

7.4 

5,  062 

1.8 

130 

3.3 

648 

4.8 

1,  888 

7.6 

5,  340 

1.9 

140 

3.4 

714 

4.9 

1,  984 

7.8 

5,  620 

2.0 

150 

3.5 

780 

5.0 

2,080 

8.0 

5,  900 

2.1 

170 

3.6 

860 

5.2 

2,  308 

8.2 

6, 184 

2.2 

190 

3,7 

940 

5.4 

2,  536 

8.4 

6,468 

2.3 

210 

3.8 

1,  020 

5.6 

2,  768 

8.6 

6,  754 

2.4 

230 

3.9 

1, 100 

5.8 

3,  004 

8.8 

7,  042 

2.5 

250 

4.0 

1, 180 

6.0 

3,  240 

9.0 

7,  330 

2.6 

290 

4.1 

1,264 

6.2 

3,  480 

9.5 

8,  060 

2.7 

330 

4-2 

1,  348 

6.4 

3,  720 

10.0 

8,  790 

2.8 

370 

4.3 

1,  432 

6.6 

3,  974 

10.5 

9,  530 

2.9 

410 

4.4 

1,516 

6.8 

4,  242 

11.0 

10,  280 

Estimated  monthly  discharge  of  Stanislaus  Biver  at  Oakdale,  California. 

[Drainage  area,  1,051  square  miles.] 


Discharge  in  second-feet. 

Eun-off. 

Month. 

Total  in  acre- 

Second- 

Maxi- 

Mini- 

Mean. 

feet. 

Depth  in 

feet  per 

mum. 

mum. 

inches. 

square 

mile. 

1897. 

January   

2,  251 

410 

609 

37,  446 

0.67 

0. 58 

February   

10,  580 

1,264 

3,  252 

180,  607 

3.  23 

3. 10 

Marcli  

5,  062 

1,  264 

1,  915 

117,  750 

2. 10 

1.82 

April  

9,  234 

1,  880 

5,  064 

301,  328 

5.37 

4.81 

May  

9,  980 

5,  480 

7,  324 

450,  338 

8.  04 

6.  97 

June  

3,  974 

860 

>2,  077 

123,  590 

2.21 

1.98 

July  

1,180 

250 

582 

35,  786 

0.  63 

0.  55 

August  

230 

170 

198 

12, 175 

0.  22 

0.19 

September  

190 

140 

152 

9  045 

0. 16 

0. 14 

October  

250 

140 

176 

10,  822 

0.  20 

0. 17 

November  

780 

170 

255 

15, 174 

0. 27 

0.  24 

December  „  

1,516 

210 

411 

25,  272 

0. 45 

0.  39 

The  year  

10,  580 

140 

1,  835 

1,  319,  333 

23.55 

1.74 
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Fig.  183. — Discharge  of  Stanislaus  Kiver  at  Oakdale,  1897. 


TUOLUMNE  RIVER. 

The  upper  gaging  station  on  this  river  is  located  at  the  wagon  bridge 
in  the  town  of  Lagrange,  California,  and  is  described  in  Water-Supply 
and  Irrigation  Paper  No.  10,  p.  188.  The  mining  company's  flume 
which  diverts  water  from  Tuolumne  River,  7  miles  above  the  station, 
was  measured  three  times  during  the  year.  Its  water  returns  to  the 
river  in  part  above  the  bridge  and  in  part  below  the  bridge,  depending 
on  the  personal  convenience  of  the  miners.  On  May  29  this  flume 
was  carrying  22  second-feet  j  October  30,  6  second-feet  j  December  20, 
34  second-feet.  The  rainfall  was  measured  at  Second  Garotte  and 
Crockers  during  1897,  as  shown  in  rainfall  table,  page  539. 

Discharge  measurements  were  not  made  at  the  lower  station  at 
Modesto  during  1897,  on  account  of  the  i)oor  character  of  the  cross 
section.  The  bed  of  the  river  is  shifting  and  the  changing  elevation  of 
San  Joaquin  River,  into  which  the  Tuolumne  discharges  16  miles 
below,  changes  the  conditions  of  its  grade  and  therefore  modifies  the 
discharge.  A  record  of  gage  heights,  however,  was  maintained  by  the 
Southern  Pacific  Company.  The  station  is  described  in  Water- Supply 
and  Irrigation  Paper  No.  16,  p.  189. 
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Rating  table  for  Tuolumne  Biver  at  Lagrange,  California,  for  1897. 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
heiffht 

Discharge. 

Gage 
heierht 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

3.5 

40 

4.6 

390 

5.7 

1,  840 

7.6 

6,  680 

3.6 

52 

4.7 

480 

5.8 

2,  060 

7.8 

1,  240 

3.7 

64 

4.8 

570 

5.9 

2,  280 

8.0 

7,  800 

3.8 

76 

4.9 

660 

6.0 

2,  500 

8.2 

8,  400 

3.9 

88 

5.0 

750 

6.2 

3,  020 

8.4 

9,  000 

4.0 

100 

5.1 

880 

6.4 

3,  540 

8.6 

9,  600 

4. 1 

140 

5.2 

1,  010 

6.6 

i,  060 

8.8 

10, 200 

4.2 

180 

5.3 

1, 140 

6.8 

4,  580 

9.0 

10,  800 

4.3 

220 

5.4 

1,  270 

7.0 

5, 100 

9.5 

12,  300 

4.4 

260 

5.5 

1,  400 

7.2 

5,  620 

10.0 

13,  800 

4.5 

300 

5.6 

1,  620 

7.4 

6, 140 

10.5 

15,  300 

Estimated  monthly  discharge  of  Tuolumne  Biver  at  Lagrange,  California. 

[Drainage  area,  1,501  square  miles.] 


Month. 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Run-oflf. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1897. 

January  

3,  930 

660 

1,  231 

75,  692 

0.  94 

0.  82 

February  

13,  200 

840 

5, 172 

287,  238 

3.  .59 

3.  45 

JVIarch  

10,  800 

2, 

500 

4,  032 

247,  920 

3.10 

2.  69 

April  

13,  500 

3, 

280 

7,  735 

460,  263 

5.75 

5. 15 

May  

14,  700 

600 

11,  923 

733, 121 

9. 15 

7.  94 

June  

9,  300 

2, 

500 

5,  673 

337,  566 

4.  22 

3.  78 

Jnly  

4,  840 

480 

2, 181 

134, 105 

1.67 

1.45 

August  

570 

76 

237 

14,  573 

0. 18 

0. 16 

September  

140 

28 

86 

5, 117 

0.  07 

0. 06 

October  

750 

76 

222 

13,  650 

0. 17 

0. 15 

November  

3,  540 

260 

768 

45,  699 

0. 57 

0.51 

December  

4,  060 

570 

1, 104 

67,  883 

0.  85 

0.  74 

The  year  

14,  700 

28 

3,  364 

2,  422,  827 

30.  26 

2.24 

19  GEOLj  PT  4  33 
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¥iQ.  184.— Discharge  of  Tuolumne  River  at  Lagrange,  California,  1897. 


SAN  JOAQUIN  RIVER. 

The  main  river  basin  comprises  a  considerable  area  that  contributes 
little,  if  any,  water  to  the  river  i^roper.  This  includes  the  greater  i)or- 
tion  of  the  eastern  slope  of  the  Coast  Range  j  the  area  at  the  southern 
end  of  the  valley;  the  drainage  from  the  Tejon  Mountains;  and  within 
recent  years,  since  the .  development  of  irrigation,  little  water  is  con- 
tributed even  from  the  large  basins  of  Kern,  Tule,  Kaweah,  and  Kings 
r'vers.  The  Herndon  station  is  located  above  the  point  where  the 
river  joins  the  trunk  stream  in  the  central  drainage  line  of  the  valley. 

The  irrigation  development  of  the  valley  is  thoroughly  discussed  by 
Mr.  (J.  E.  Grunsky  in  the  papers,  Irrigation  near  Bakerstield,  California, 
Irrigation  near  Fresno,  California,  and  Irrigation  near  Merced,  Cali- 
fornia, published  as  Water-Supply  and  Irrigation  Papers  Nos.  17, 18, 
and  19. 

A  number  of  gaging  stations  were  maintained  during  1897  in  the 
basin,  as  described  in  Water- Supply  and  Irrigation  Paper  ]No.  16,  pp. 
187-192,  inclusive. 

The  gaging  station  on  San  Joaquin  River  is  located  at  Herndon,  12 
miles  north  of  Fresno,  California,  on  the  line  of  the  Southern  Pacific,  and 
is  described  in  Water-Supply  and  Irrigation  Paper  No.  16,  p.  190.  The 
silt  in  the  river  affects  paint  in  a  rather  unusual  way,  it  being  necessary 
to  paint  the  rod  twice  a  year.  For  this  reason  a  float  gage  has  been 
arranged  with  the  indicator  and  painted  rod  entirely  above  the  water 
line. 
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Bating  table  for  San  Joaquin  River  at  Herndon,  California,  for  1897. 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 



Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

2.3 

90 

3.5 

1,  300 

5.4 

4,  600 

7.8 

10,  624 

2.4 

120 

3.6 

1,450 

5.6 

5,012 

8.0 

11,  240 

2.5 

150 

3.7 

1,  600 

5.8 

5,  436 

8.2 

11,  864 

2.6 

260 

3.8 

1,750 

6.0 

5,  860 

8.4 

12,  488 

2.7 

370 

3.9 

1,  900 

6.2 

6,  316 

8.6 

13, 120 

2.8 

480 

4.0 

2,  050 

6.4 

6,  772 

8.8 

13,  760 

2.9 

590 

4.2 

2,  390 

6.6 

7,  270 

9.0 

14,  400 

3.0 

700 

4.4 

2,  730 

6.8 

7,  810 

9.5 

16,  200 

3.1 

820 

4.6 

3,  080 

7.0 

8,  350 

10.0 

18,  000 

3.2 

940 

4.8 

3,  440 

7.2 

8,  890 

10.5 

20,  000 

3.3 

1,  060 

5.0 

3,  800 

7.4 

9,  430 

11.0 

22,  000 

3.4 

1, 180 

5.2 

4,  200 

.  7.6 

10, 008 

Estimated  monthly  discharge  of  San  Joaquin  River  at  Herndon,  California. 


[Drainage  area,  1,637  square  miles.] 


Discharge  in  second-feet. 

Run-off. 

Month. 

Total  in  acre- 

Second- 

Maxi- 

Mini- 

Mean. 

feet. 

Depth  in 

feet  per 

mum. 

mum. 

inches. 

square 

mile. 

1897. 

January  

1, 180 

535 

655 

40,  275 

0.  46 

0.  40 

February   

15,  660 

1, 180 

2, 598 

144,  286 

1.66 

1.59 

March   

4,  600 

1,  675 

2,  325 

142,  960 

1.64 

1.42 

April  

11,708 

2,  305 

6,  541 

389,  216 

4.  46 

4.00 

May   

18,  600 

9,  565 

13,  545 

832,  855 

9.54 

8.27 

Juue  

12,  332 

2,  390 

5,  862 

348,  812 

3.  98 

3.57 

July  

4,  300 

1,  300 

2,  493 

153,  290 

1.75 

1.52 

August  

1,  300 

590 

898 

55,  216 

0.  63 

0.  55 

September  

535 

105 

227 

13,  507 

0. 16 

0. 14 

October  

820 

105 

279 

17, 155 

0.20 

0.  17 

November  

4,  300 

120 

872 

51,  887 

0. 59 

0.  53 

December  

4,  000 

60 

968 

59,  520 

0.  68 

0.59 

The  year  

18,  600 

60 

3, 105 

2,  248,  979 

25.  75 

1.90 
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Fig.  185.— Discharge  of  San  Joaquin  River  at  Herndon,  California,  1897. 


ELECTRIC-POWER  TRANSMISSION  AT  FRESNO,  CALIFORNIA. 

Three  conditioiis  in  California  urge  the  development  of  its  latent 
water  power  and  the  long  distance  electric  transmission  of  this  force: 
First,  the  absence  of  local  coal  deposits  and  the  consequent  high  price 
of  that  needed  commodity;  second,  the  average  low  relative  humidity 
of  the  atmosphere,  which  permits  a  high  order  of  insulation  of  the  line 
and  consequently  high  voltage  or  pressure  in  the  current;  third,  the 
presence  of  high  mountain  ranges  passing  longitudinally  through  the 
State,  resulting  in  numerous  streams  with  very  heavy  gradients,  which 
flow  toward  the  fertile  valleys  of  the  State.  The  streams  rising  on  the 
Sierra  ^Nevada  are  supplied  from  banks  of  perpetual  snow  and  furnish 
ideal  power  for  the  operation  of  electric  machinery. 

The  coal  used  in  southern  California  comes  from  Alaska,  British 
Columbia,  'New  Mexico,  and  even  Australia,  and  the  soft  coals  sell  for 
from  $6  to  $10  per  ton.  This  of  course  makes  power  very  expensive 
and  has  greatly  retarded  the  manufacturing  progress  of  the  State. 
For  these  reasons  California  has  been  for  the  past  ten  years  the  i)ioneer 
in  the  development  and  transmission  of  power  and  still  retains  this 
position. 

One  of  the  most  interesting  plants  in  the  State  is  that  of  the  San 
Joaquin  Electric  Company,  which  has  located  its  power  plant  on  the 
I^orth  Fork  of  San  Joaquin  Eiver  (PI.  L).  The  water  is  diverted 
without  any  weir  directly  into  the  flume,  and  this  is  fastened  to  the  bed 
rock  of  the  stream  bed  by  leaded  driftbolts.  T^e  conduit  is  7  miles  in 
length,  4,000  feet  being  flume  and  the  remainder  canal  in  earth  and 
rock.    The  capacity  is  70  second-feet,  the  flume  having  a  grade  of  3  feet 
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in  1,000  and  the  canal  1  foot  in  1,000.  Waste  gates  are  provided  every 
4,000  feet  in  the  canal,  and  numerous  sand  boxes  are  used  to  catch  the 
silt,  which  is  very  injurious  to  the  wheels  and  nozzles.  A  reservoir  site 
800  feet  from  the  canal  line  has  been  made  tributary  to  the  plant.  Its 
capacity,  with  an  earth  dam  10  feet  high  by  500  feet  long,  is  about  700 
acre-feet,  which  is  sufficient  to  run  the  canal  for  five  days  and  is  impor- 
tant in  connection  with  headwork  repairs. 

The  length  of  pressure  pipe  from  the  receiver  to  the  wheels  is  4,020 
linear  feet  and  the  head  is  1,411  feet.  The  pipe  is  in  three  sections: 
The  first  section,  1,820  feet  long,  is  of  riveted  steel  24  inches  in  diam- 
eter j  the  second  section,  400  feet  long,  is  of  converse  lock-joint,  lap- 
welded  pipe,  20  inches  in  diameter,  with  leaded  joints;  the  third  sec- 
tion, 1,880  feet  long,  20  inches  in  diameter,  is  lap-welded  with  flange 
joints  bolted  and  made  tight  with  rubber  gaskets.  The  pipe  in  some 
cases  is  buried  from  5  to  8  feet  in  the  soil ;  in'  others  it  is  anchored  to 
bed  rock,  holes  being  drilled  5  feet  into  the  rock  and  bolts  set  and 
sulphured  therein.  Semicircular  yokes  2J  feet  by  five-eighths  of  an 
inch  are  placed  over  the  top  of  the  pipe  and  are  screwed  fast  to  the 
bolts.  The  pipe  was  laid  in  two  sections,  the  closure  being  between 
the  riveted  and  welded  pipe.  The  opening  between  the  ends  varied 
between  night  and  day  from  7  feet  to  7  feet  8  inches.  The  connection 
was  made  at  night  at  the  7-foot  opening  and  the  pipe  was  then  filled 
with  water.  The  normal  flow  of  water  in  the  pipe  is,  with  the  present 
installation  of  wheels,  at  the  velocity  of  1.5  feet  per  second,  but  the 
nozzle  velocity  is  153  feet  per  second.  It  has  been  a  serious  matter  to 
control  this  jet  when  it  is  deflected  from  the  wheel.  It  tears  to  pieces 
any  masonry  put  in  its  path,  and  when  a  water  cushion  is  substituted 
it  does  not  give  satisfaction,  as  the  water  is  thrown  out  of  it  in  every 
direction.  Covering  the  pit  did  not  prevent  the  exit  of  the  water  from 
its  top  and  sides.  The  final  method  adopted  to  check  the  jet  when  it 
is  deflected  from  the  wheel  is  to  i)lace  before  it  a  chilled  iron  plate  3J 
inches  thick.  When  this  is  destroyed  it  is  renewed.  Because  of  the 
great  head  the  ordinary  valves  and  pressure  regulator  used  were  found 
to  be  inefficient,  and  the  devices  finally  adopted  consisted  rather  of 
arrangements  to  prevent  the  sudden  opening  and  closing  of  valves. 
At  one  time  a  pipe  valve  was  opened  at  the  power  house  when  the 
wheel  nozzle  was  off,  the  engineer  having  forgotten  that  he  had  removed 
it.  The  pipe  was  emptied  faster  than  it  could  be  filled,  and  a  vacuum 
was  produced,  resulting  in  the  collapse  of  several  hundred  feet  of  the 
pipe,  which  was  flattened  as  if  it  had  been  rolled  out. 

The  wheel  used  is  a  60-inch  Pelton  water  wheel  of  the  ^'impulse" 
type,  coupled  directly  to  the  shaft  of  the  dynamo.  On  the  same  shaft 
is  a  fly  wheel  weighing  6,000  pounds.  The  cups  resemble  a  W  in  sec- 
tion, the  jet  striking  the  central  apex,  upon  which  it  splits,  expending 
its  force  on  the  back  of  the  cups,  and  theoretically  falling  as  "dead 
water"  on  each  side  of  the  wheel.    The  backs  of  the  cups  are  not 
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angular,  but  rounded.  The  efficiency  of  wheels  of  this  type  is  from 
80  to  90  per  cent.  PI.  LI  shows  the  water  wheels  and  fly  wheels 
mounted  on  their  shafts.  The  receiver  of  the  pipe  line  was  not  in  posi- 
tion when  this  photograph  was  taken.  It  is  located  above  the  wheels, 
and  the  nozzles  are  attached  to  its  bottom.  One  of  the  detached  noz- 
zles is  shown  on  the  upper  right-hand  side.  As  already  stated,  the 
dynamos  (shown  in  PI.  L,  B)  and  the  water  wheels  are  attached  to  the 
same  shaft.  There  are  three  General  Electric  multi-polar,  three-phase 
generators,  delivering  a  current  at  700  volts  to  the  low-potential  switch 
board,  whence  it  is  carried  to  nine  125  kilowatt  transformers  which  step 
up  the  current  to  11,200  volts  for  the  line.  The  poles  are  12  by  12 
inches  at  the  butt  and  6  by  6  inches  at  the  top,  set  120  feet  apart  in 
the  valley  and  100  feet  apart  on  the  mountain  side.  They  vary  from  35 
to  40  feet  in  length.  The  transmission  circuits  consist  of  two  triplex, 
three-wire  sets,  which  may  be  used  independently  or  together.  All 
wires  are  of  No.  3  Browne  &  Sharp  soft-drawn  copx^er.  Triple  petticoat 
porcelain  insulators  are  used.  The  line  is  35  miles  long.  The  company 
charges  the  city  of  Fresno  $G.45  per  month  for  each  2,000-candlepower 
lamp  burning  all  night  every  night  in  the  month.  Power  is  sold  at  $64 
per  horsepower  per  annum,  twenty-four  hours  a  day.  Meter  service  is 
15  cents  per  kilowatt,  with  discounts  up  to  25  per  cent  for  large  con- 
sumers.  Power  and  light  are  sold  for  all  general  purposes. 

The  line  has  been  continued  to  Hanford,  which  makes  a  total  length 
of  69  miles.  Power  will  be  transmitted  to  this  point  at  19,500  volts, 
and  the  loss  by  line  transmission,  it  is  said,  will  be  from  5  to  8  per  cent. 
Over  150  horsepower  will  be  transmitted. 

KINGS  RIVER. 

Two  stations  have  been  maintained  on  this  river  during  1897.  The 
upper  station  is  located  15  miles  east  of  Sanger,  California,  and  south- 
west of  Eed  Mountain,  above  all  canal  diversions,  and  is  described  in 
Water-Supply  and  Irrigation  Paper  No.  16,  p.  191. 


Bating  table  for  Kings  River  at  Bed  Mountain,  California,  1897. 


height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

4.0 

320 

5.1 

844 

7.2 

2,  808 

9.4 

7, 136 

4.1 

360 

5.2 

908 

7.4 

3,  096 

9.6 

7,716 

4.2 

400 

5.4 

1,036 

7.6 

3,400 

9.8 

8,  348 

4.3 

440 

5.6 

1, 170 

7.8 

3,  720 

10.0 

8,  980 

4.4 

480 

5.8 

1,310 

8.0 

4,  040 

10.5 

10,  980 

4.5 

520 

6.0 

1,450 

8.2 

4,  408 

11.0 

13,  520 

4.6 

572 

6.2 

1,  642 

8.4 

4,  776 

11.5 

16,  720 

4.7 

624 

6  4 

1,  834 

8.6 

5, 184 

12.0 

20,  060 

4.8 

676 

6.6 

2,  048 

8.8  . 

5,  632 

12.5 

23,  400 

4.9 

728 

6.8 

2,  284 

9.0 

6,  080 

5.0 

780 

7.0 

2,  520 

9.2 

6,  608 

I 
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Estimated  monthly  discharge  of  Kings  Biver  at  Bed  Mountain,  California. 

[Drainage  area,  1,775  square  miles.] 


Month, 

Discharge  in  second-feet. 

XUtctl  ill  <lV^XO- 

feet. 

Run -off. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

OCUUllU.- 

feet  per 
square 
mile. 

1897. 

January  

624 

360 

437 

26,  870 

0.  29 

0.  25 

February   

6,  344 

1, 

100 

1,  631 

90,  581 

0.  96 

0.  92 

March  

4,408 

240 

1,  884 

115, 843 

1.  22 

1.  06 

April   

9,  380 

h 

930 

5,  318 

316,  442 

3.33 

2.  99 

May  

22,  732 

344 

14,  470 

889,  731 

9.40 

8. 15 

10,  580 

2, 

520 

6, 145 

365,  652 

3.  87 

3.45 

July  

4,040 

1, 

036 

2, 177 

133,  859 

1.41 

1.22 

August  

1, 100 

440 

739 

45,  440 

0.  47 

0.  42 

September  

480 

250 

329 

19,  577 

0. 20 

0. 18 

October  

572 

270 

394 

24, 226 

0. 25 

0. 22 

November  

2,  520 

360 

692 

41, 177 

0.  44 

0.  39 

December  

8,  348 

572 

985 

60,  566 

0. 63 

0.  55 

The  year  

22,  732 

250 

2,  933 

2, 129,  964 

22.  47 

1.65 

Fig.  186.— Discharge  of  Kings  liiver  at  Ked  Mouutain,  California.  1897. 
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The  lower  station  on  Kings  River  is  located  at  Kiugsburg  and  is 
described  in  Water-Supply  and  Irrigation  Paper  No.  16,  p.  192.  The 
channel  at  the  railroad  bridge,  where  discharge  measurements  were 
first  made,  is  sandy  and  shifting,  and  it  has  been  found  necessary  to 
employ  a  somewhat  different  method  in  estimating  the  daily  dis- 
charges. Measurements  subsequent  to  April  7,  1897,  were  made  2 
miles  above  the  railroad  bridge,  at  Clarke's  bridge,  which  crosses  the 
river  in  one  span. 

It  was  found  that  no  consistent  relation  could  be  established  between 
volumes  discharged  and  rod  heights  because  of  the  shifting  nature  of 
the  river  channel.  Soundings  have  been  taken  every  two  weeks  at  the 
railroad  bridge  to  determine  the  areas  of  cross  section,  the  height  of  , 
water  on  the  gage  rod  being  noted  at  the  time  of  sounding.  From 
these  records  it  has  been  determined  whether  the  bed  of  the  stream 
has  risen  or  fallen  during  the  two  weeks,  and  to  what  extent.  For 
instance,  if  between  June  1  and  June  15  the  stream  bed  has  lowered 
140  square  feet,  it  is  assumed  that  the  section  increased  in  area  at  the 
rate  of  10  square  feet  a  day,  irrespective  of  river  heights  on  the  gage 
rod.  The  rise  and  fall  of  the  river  surface  is  then  considered,  and  from 
these  two  factors  a  table  of  daily  areas  of  cross  section  is  obtained. 
The  area  of  section  at  Kingsburg  is  noted  for  each  measurement  that 
has  been  taken  either  at  Clarke's  bridge  or  at  Kingsburg,  and  curves 
have  been  plotted  in  terms  of  areas  of  cross  section  and  volumes  dis- 
charged, as  shown  in  fig.  187.  These  curves  are  much  more  satisfactory 
than  the  curve  showing  the  relation  of  river  heights  and  discharge-^ 
The  rating  table  is  in  terms  of  areas  of  cross  section  and  discharges 
instead  of  the  ordinary  table  of  gage  heights  and  discharges. 

It  was  discovered  during  the  summer  of  1898  that  a  diversion  dam 
2  miles  below  the  Kingsburg  gage  rod  was  affecting  the  grade  of  the 
river  at  the  gage,  and  consequently  the  corresponding  volume,  by 
means  of  the  opening  and  closing  of  the  head  gates.  It  is  therefore 
obviously  impossible  to  compute  a  record  that  is  accurate  for  this  sta- 
tion. The  individual  meter  measurements  should  be  correct,  but  the 
table  of  monthly  discharge  must  be  considered  only  as  approximate 
and  as  the  best  obtainable  under  the  circumstances. 
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List  of  discharge  measurements  made  on  Kings  River  at  Kingsburg,  California. 


No. 

Date. 

Hydrographer. 

Meter 
num- 
ber. 

Gage 

Area  of 

Mean 

"TT  ft  1     f  1  f'.TT 
V  ClUv/lu  V  « 

Dis- 

H  o  T*frft 

1895. 

Feet  per 

• 

Feet. 

Sq.  feet. 

second. 

Sec-feet. 

1 

Jan.  10 

A.  P.  Davis  

24 

6. 00 

1,  985 

0. 92 

1,  830 

2 

Mar.  23 

J.  B.  Lippincott  

24 

4. 10 

1,273 

0.39 

500 

3 

Dec.  12 

 do  

63 

3.3 

1,  027 

0. 40 

366 

1896. 

4 

Apr.  11 

J.  A.  Vogleson  

63 

5. 70 

2,  047 

0.  92 

1,  883 

1897. 

5 

Feb.  11 

J.  B.  Lippincott  

67 

5.58 

1,903 

0.  47 

905 

6 

Apr.  6 

 do  

67 

5.  20 

1,  649 

0.  61 

825 

7 

June  3 

 do  

67 

8.6 

a  3,  347 

2.  70 

a  5, 959 

8 

July  17 

A.  Q.  Campbell  . .  

67 

5.  02 

1,  737 

0.  34 

503 

9 

Sept.  10 

 do  

67 

3.2 

961 

0. 177 

221 

10 

Nov.  3 

 do  

67 

4.84 

1,557 

0.  34 

465 

11 

Dec.  23 

J.  B.  Lippincott  

67 

4.8 

1,  666 

0.  38 

522 
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/o 
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Fig.  187. — Rating  curve  for  Kingsburg  station  on  Kings  River,  California. 
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Bating  table  for  Kings  River  at  Eingshurg,  California. 


Applicable  from  May  1, 
1896,  to  AprH  30, 1897. 

Applicable  from  May  1  to 
December  31, 1897. 

Area. 

Discharge. 

Area. 

Discharge. 

Ajl/CtW'/c-  J  f^t^V* 

500 

200 

500 

180 

1,  000 

340 

1,  000 

220 

1,  500 

660 

1,  500 

410 

2,  000 

1, 800 

2,  000 

1,280 

2,  500 

4,  080 

2,  500 

3,  550 

3,  000 

7,  290 

3,  000 

7,  300 

3, 500 

11, 160 

3,  500 

11, 150 

4,  000 

15,  040 

4,  000 

15,010 

4,500 

18,  900 

4,  500 

18,  860 

5,  000 

22,710 

Estimated  monthly  discharge  of  Eings  River  at  Eingshurg,  California. 


[Drainage  area,  1,742  square  miles.] 


Month. 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Run-off. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1896. 

May  

20, 147 

408 

3,  945 

242,  569 

2.  61 

2.26 

June  

19,  670 

3, 225 

11,  652 

693,  342 

7.  46 

6.69 

July  

4,  239 

452 

1,  942 

119,  408 

1.28 

1.11 

August  

549 

400 

465 

28,  567 

0. 31 

0.27 

September  

641 

420 

476 

28,  294 

0.  30 

0.  27 

October  

815 

385 

628 

38,  590 

0. 42 

0.36 

November  

1,  450 

435 

625 

37,  202 

0. 40 

0.  36 

December  

830 

385 

581 

35,  730 

0.  38 

0.  33 

1897. 

January   

805 

350 

520 

31,  974 

0.  35 

0.  30 

February   

8,  420 

690 

1, 841 

102,244 

1.10 

1.06 

March  

12,  000 

580 

1,  569 

96,  475 

1.04 

0.  90 

April  

7,  050 

665 

3,  043 

181,  072 

1.95 

1.75 

May  

18,  900 

4,  910 

11,  360 

698,  504 

7.  52 

6.52 

June  

10,  690 

644 

4,  354 

259,  080 

2.  79 

2.50 

July  

775 

230 

460 

28,  284 

0.  30 

0.  26 

August  

305 

208 

228 

14,  019 

0. 15 

0. 13 

September  

222 

210 

216 

12, 853 

0. 13 

0. 12 

October  

615 

215 

350 

21,  520 

0. 23 

0.  20 

November  

2,  850 

278 

676 

40,  225 

0. 44 

0.  39 

December  .> . . 

3, 440 

433 

765 

47,  038 

0. 50 

0.  44 

The  vear  

18,  900 

208 

2,115 

1, 533,  288 

16.  50 

1.  21 
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SEPT 
10  20 


JAN 
10  20 


FEB 
10  20 


MARCH 

10  20 


APRI  L 
10  20 


JUNE 
10  20 


JULY 
10  20 


AUG 
10  20 


OCT 
10  20 


NOV 

10  20 


DEC 
10  20 


Sec.-ft. 

24,  000 
22,  000 
20, 000 
18, 000 
16,  000 
14, 000 
12, 000 
10, 000 
8,  000 
6,  000 
4, 000 
2,  000 
0 


I 


11 


Pig.  188.— Discharge  of  Kings  River  at  Kingsburg,  California,  1897. 


KERN  RIVER. 

Kern  River  during  1897  has  been  measured  at  a  point  7  miles  north- 
east of  the  town  of  Bakersfield  and  12  miles  below  the  mouth  of  the 
canyon,  the  drainage  area  being  2,345  square  miles.  This  station  was 
originally  established  in  1893  by  the  Kern  County  Land  and  Water 
Company,  Walter  James  being  chief  engineer  and  A.  K.  Warren  hydrog- 
rapher.  The  results  are  given  by  the  land  company  for  publication. 
The  method  of  procedure  is  described  in  the  Eighteenth  Annual  Eeport, 
Part  lY,  p.  395.  Tlie  river  is  measured  with  meters  once  a  week  or 
oftener.  A  clock-registering  gage  gives  continuous  river  heights.  The 
relation  of  velocity  to  hydraulic  mean  radii  is  determined  by  the  meter 
observations,  and  from  this  base  the  discharge  is  figured.  The  work 
has  been  carried  on  with  care  and  skill.  The  records  of  rainfall  for 
Kernville  and  Mount  Breckenridge  are  given  in  the  table  on  page  539. 
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Estimated  montlihj  discharge  of  Kern  River  at  Bakersjield,  California. 


[Drainage  area,  2,345  square  miles.] 


Month. 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Run-off. 

Maxi- 
mum. 

Mini- 
mum. 

Mean 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1896. 





January  

3, 101 

377 

747 

45,  931 

0.  37 

0.  32 

February   

798 

559 

617 

35  489 

0.  28 

0.  26 

March  ...... 

2,  089 

652 

951 

58,  475 

0.  47 

0.41 

April   

1,263 

766 

972 

57,  838 

0.46 

0.  41 

May  

3,  370 

934 

1,401 

86, 144 

0.  69 

0.  60 

3,  611 

244 

2,  456 

1.17 

1.05 

July  

2,210 

741 

1,316 

82,  762 

0.  66 

0.  57 

August  

741 

353 

486 

29,  883 

0.  24 

0.21 

September  

473 

234 

304 

18,  089 

0. 14 

0. 13 

October  

425 

223 

267 

16,  417 

0. 13 

0. 11 

November  

416 

288 

355 

21, 124 

0. 17 

0. 15 

December  

426 

313 

347 

21,  336 

0. 17 

0. 15 

Tbe  year  

Oj  DJ-X 

223 

619,  630 

u.  ou 

1897 

• 

January   

832 

305 

373 

22,  935 

0. 18 

0. 16 

Febrn  arv 

2,  306 

516 

809 

44,  930 

0.  36 

0.  35 

TVfa.T'pli 

2,  044 

688 

923 

56  753 

0. 45 

0.39 

April  

4, 410 

1, 

094 

2,  914 

173,  395 

1.38 

1.24 

5,  342 

4, 

054 

4,  580 

281,  613 

2.25 

1.95 

4,  352 

1, 

289 

2,  309 

137  395 

1.09 

0.  98 

July  

1,  536 

644 

1,006 

61,  857 

0. 49 

0.43 

August  

671 

338 

469 

28,  838 

0.  23 

0.  20 

September  

363 

260 

295 

17,  554 

0. 14 

0. 13 

October  

441 

278 

340 

20,  906 

0. 17 

0. 15 

November  

477 

289 

355 

21, 124 

0. 17 

0. 15 

December  

1,  023 

327 

422 

25,  948 

0.21 

0. 18 

The  year  

5,  342 

260 

1,234 

893,  248 

7. 12 

0. 53 

POWER  PLANTS  ON  KERN  RIVER. 

One  of  tlie  interesting  features  of  the  development  of  water  power  in 
the  southwest  is  the  number  of  times  the  same  water  is  used.  As  an 
example,  Kern  River,  rising  from  the  crest  of  the  Sierras  at  Mount 
Whitney,  is  to  be  made  to  serve  a  double  purpose.  The  Kern  River 
and  Los  Angeles  Electric  Power  Company,  of  Los  Angeles,  proposes  to 


NEWELL.] 


KERN  RIVER. 


525 


harness  the  IS'orth  Fork  of  this  river  near  its  mouth  and  to  convey  the 
power  thus  generated  a  distance  of  108  miles  to  the  city  of  Los  Angeles. 
Similar  plans  are  prepared  for  the  South  Fork  of  this  river.  Below  the 
junction  of  these  two  branches  the  main  river  passes  through  a  narrow 
canyon  on  its  journey  to  San  Joaquin  Valley,  falling  2,000  feet  in  a 
distance  of  40  miles.  I^'ear  the  mouth  of  this  canyon  the  Kern  Valley 
Power  Development  Company,  as  noted  in  the  Eighteenth  Annual 
Report,  Part  IV,  p.  396,  diverts  a  portion  of  this  water  into  a  flume 
having  a  capacity  of  170  second-feet,  and  obtains  a  head  of  193  feet, 
which,  with  the  present  installment,  is  used  in  generating  about  1,500 
horsepower.  The  water  is  then  all  diverted  into  San  Joaquin  Valley 
for  irrigation  near  Bakerslield,  a  portion  being  lost  by  surface  evapora- 
tion in  the  fields,  but  the  remaining  portion  percolating  into  the  ground. 
In  the  lower  elevations  this  has  caused  the  water  plane  to  rise  uncom- 
fortably near  the  surface.  Pumping  plants  are  now  being  put  in,  to  be 
operated  by  electric  power,  to  raise  this  water  and  again  distribute  it 
for  irrigation  purposes  as  desired. 

The  midsummer  flow  of  Kern  River  seldom  falls  below  200  second-feet 
at  the  mouth  of  the  canyon,  so  that  this  company  is  assured  of  a  per- 
manent supply  of  water  sufficient  to  fill  its  flume  of  170  second-feet 
capacity.  The  diversion  is  without  a  weir,  directly  from  the  bed  of  the 
river,  the  flume  projecting  into  the  bed  of  the  canyon  and  anchored 
there.  It  ai)pears  that  this  vital  point  is  subject  to  attack  from  the 
stream  when  in  flood,  especially  when  bowlders  are  being  rolled  down  its 
bed.  The  diversion  conduit  is  all  flume  and  is  8,500  feet  in  length. 
The  flume  is  5  feet  10^  inches  by  8  feet  in  the  clear,  and  laid  on  a  1  i)er 
cent  grade.  It  is  intended  to  carry  water  to  a  depth  of  5  feet.  It  is 
remarkable  for  the  small  amount  of  lumber  used  in  its  construction. 
(See  PI.  LII,  A.)  The  cost  per  linear  foot  exclusive  of  excavation 
was  about  $3.50.  From  the  illustration  (PI.  LII,  B)  it  will  be  seen 
that  the  construction  was  on  a  very  rough  hillside.  The  bench  on 
which  the  flume  rests  is  from  5  to  8  feet  in  width.  Material  for  con- 
struction was  lifted  by  cable  to  the  bench  at  the  lower  end  of  the  line 
near  the  power  house  and  from  there  the  structure  was  built  progress- 
ively. At  first  the  material  was  drawn  on  cars  through  the  bottom  of 
the  flume.  This  tramway  was  abandoned  in  favor  of  a  track  on  a  deck 
of  2-inch  plank,  placed  on  the  top  of  the  flume.  A  curve  of  25  feet 
radius  is  the  only  one  used  on  the  flume.  The  sides  and  bottom  are 
constructed  of  1-inch  redwood  boards  lined  with  asphalt- coated  build- 
ing paper,  the  ends  of  which  are  lai)ped  and  set  with  liquid  asphalt. 
This  is  again  lined  with  ^-inch  boards.  The  floor,  which  was  cut  by 
templets  at  the  mill  to  fit  the  curves  of  the  line,  was  first  placed  on 
the  sills.  The  lower  side  boards  were  next  nailed  to  the  sides  of  the 
floor  boards.  The  posts  were  erected  by  spiking  them  to  the  sides 
of  the  4  by  G  inch  sills.  The  asphalt  paper  is  folded  to  fit  the  corners. 
The  inner  board  of  the  post  covers  all  vertical  joints  of  the  sides.  The 
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side  boards  are  all  sprung  to  curve,  thus  making  the  flume  free  from 
angles. 

In  order  to  avoid  excavation  on  the  steep  hillsides,  the  bench  being 
narrow,  side  braces  were  not  put  on  the  posts,  but  one-half  inch  iron 
rods  were  substituted.  They  pass  directly  through  the  flume  16  inches 
above  the  floor. 

The  flume  is  impervious  except  where  these  rods  pass  through.  The 
flowing  water  sets  them  in  vibration  and  starts  leaks  where  they  pasg 
through  the  sides.  Debris  of  all  sorts  collects  on  the  rods  and  inter- 
feres with  the  flow.  The  character  of  the  sides  of  the  canyon  is  shown 
in  PL  LII,  A.  Kains  cause  the  rocks  on  the  side  hill  to  roll  or  slide  down 
upon  the  flume,  causing  serious  wrecks.  The  flume  has  been  cut  s, 
number  of  times  in  this  way,  though  the  2-inch  plank  platform  top  is  suf- 
ficient to  break  the  force  of  many  of  the  smaller  stones.  The  interruption 
of  a  power  plant  is  most  undesirable,  and  probably  it  will  be  found 
necessary  to  tunnel  through  the  points  of  the  hills  to  escape  these 
slides.  V 

The  pressure  pipe  is  shown  on  PI.  LII,  B.  It  is  of  the  double-riveted 
type  generally  used  in  the  Southwest.  It  is  66  inches  in  diameter  and 
ranges  in  thickness  from  0.203  to  0.375  inch.  It  provides  a  head  of 
193  feet.  The  pipe  is  banked  upon  the  sides  with  a  dry  rock  wall 
and  is  anchored  with  cables  to  bed  rock  to  stop  the  daily  travel  of  the 
pipe  from  side  to  side,  toward  the  passing  sun.  It  was  found  that  the 
water  falling  into  the  penstock  produced  a  vibration  in  the  pipe,  and 
this  was  obviated  by  covering  the  first  50  feet  with  masonry. 

Girard  water  wheels  were  installed  at  first.  Two  wheels  were  placed 
on  one  shaft,  and  the  water  entering  between  them  is  divided  and 
delivered  by  impulse  against  cups  set  on  the  inside  of  the  circumference 
of  the  wheel.  The  stream,  therefore,  near  the  nozzle  is  not  only  split 
but  made  to  turn  two  90-degree  angles  before  its  delivery.  Eighty-five 
per  cent  efficiency  of  the  wheels  was  guaranteed  and  about  50  per  cent 
obtained.  One  of  the  Girard  wheels  was  taken  out  and  a  Tuttle  put 
in,  which  is  also  said  to  have  proved  unsatisfactory.  An  S.  ^.  Knight 
wheel  was  then  tried  and  gave  an  efficiency  of  from  75  to  80  per  cent. 
The  other  Girard  wheels  will  be  replaced  with  Knight  wheels. 

General  Electric  450-kilowatt  three-phase  generators  are  attached  to 
the  wheel  shaft.  The  current  is  developed  at  500  volts  and  stepped  up 
to  10,000  volts  and  so  conveyed  to  the  town  of  Bakersfleld,  where  it  is 
stepped  down  and  distributed  for  power  and  light.  The  line  is  12  miles 
long,  and  7.5  per  cent  is  lost  in  transmission. 

,   LITTLE  ROCK  CREEK. 

The  drainage  basin  of  this  stream  lies  north  of  that  of  the  San 
Gabriel  and  on  the  opposite  side  of  the  range,  the  waters  discharging 
northerly  into  Mohave  Desert,  east  of  the  Southern  Pacific  and 
about  35  miles  west  of  Mohave  River.    The  point  of  measurement 
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is  described  in  the  Eighteenth  Annual  Eeport,  Part  IV,  p.  402.  The 
following  rating  table  has  been  applied  to  the  record  of  daily  height 
given  in  Water- Supply  and  Irrigation  Paper  No.  16,  p.  193.  From 
these  data  the  monthly  discharges  have  been  estimated. 


Bating  table  for  Little  Bock  Creek  at  Palmdale,  Calif ornia,  for  1897, 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

0.0 

0 

0.8 

19 

L6 

54 

2.4 

96 

0.1 

0.5 

0.9 

23 

L7 

59 

2.5 

102 

0.2 

2 

1.0 

27 

1.8 

64 

2.6 

108 

0.3 

4 

LI 

31 

L9 

70 

2.7 

114 

0.4 

6 

1.2 

35 

2.0 

75 

2.8 

120 

0.5 

9 

1.3 

39 

2.1 

80 

2.9 

126 

0.6 

12 

1.4 

44 

2.2 

86 

3.0 

132 

0.7 

15 

1.5 

49 

2.3 

91 

1 

Estimated  monthly  discharge  of  Little  Bock  Creek  at  Palmdale,  California. 


[Drainage  area,  78  square  miles.] 


Month. 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Run-off. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1897. 

January   

144.  0 

4.0 

14.0 

879.0 

0.  211 

0. 183 

February   

308.0 

15.0 

52.0 

2, 894. 0 

0.  696 

0.  668 

JVIarch  

120.0 

41.0 

68.0 

4, 187.  0 

1.007 

0. 873 

April   

120.0 

75.0 

106.0 

6,  284.  0 

1.511 

L  354 

May  

77.0 

8.0 

36.0 

2, 189.  0 

0.  526 

0.  456 

June  

7.0 

3.0 

6.7 

399.0 

0.  095 

0.  086 

July  

1.0 

0.2 

0.4 

22.1 

0. 005 

0.005 

August  

0.2 

0.2 

0.2 

12.3 

0.003 

0.  003 

September  

0.2 

0.2 

0.2 

1L9 

0.  003 

0.  003 

October  

7.0 

0.2 

5. 5 

338.0 

0.  082 

0.  071 

November  

8.0 

6.0 

6.9 

41L0 

0.  098 

0. 088 

December  

6.0 

5.0 

5.7 

350.0 

0.084 

0. 073 

The  year  

308.0 

0.2 

25.0 

17,  977.  0 

4.311 

0.  322 
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Sec.-ft. 


JAN 

10  20 

FEB 
(0  20 

MARCH 
10  20 

APRIL 
10  20 

MAY 

10  20 

JUNE 
10  20 

JULY 
10  20 

AUG 
10  20 

SEPT. 
10  20 

OCT. 
10  20 

NOV 
10  20 

DEC. 
10  20 

Fig.  189. — Discharge  of  Little  Rock  Creek  at  Palmdale,  California,  1897. 
SAN  GABRIEL  RIVER. 

The  drainage  basin  of  this  stream  lies  on  the  south  side  of  the  Sierra 
Madre  Eange,  northwest  of  San  Bernardino  and  northeast  of  Los 
Angeles,  but  slightly  nearer  the  latter  city.  The  tributary  streams 
converge  to  a  central  point  within  the  mountains  and  the  stream  flow- 
ing southwesterly  escapes  through  a  narrow  canyon  to  the  low  valley, 
in  which  is  situated  a  number  of  important  towns,  each  depending 
largely  upon  the  supply  of  water  derived  from  the  river.  The  locality 
at  which  measurements  have  been  made  is  described  fully  in  the  Eight- 
eenth Annual  Eeport,  Part  TV,  on  pages  405  to  411,  and  later  details  are 
given  in  Water-Supply  and  Irrigation  Paper  ]N"o.  16,  on  page  194.  The 
results  of  computations  for  1897  are  given  in  the  following  tables :  ^ 


Bating  table  for  San  Gahriel  River  at  Azusa,  Calif ornia,  for  1897. 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

!  Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

0.6 

0.0 

1.6 

16.0 

2.6 

155 

4,2 

890 

0.7 

0.1 

1.7 

21.2  ' 

2.7 

185 

4.4 

1,  040 

0.8 

0.3 

1.8 

27.5 

2.8 

2U 

4.6 

1,210 

0.9 

0.6 

1.9 

36 

2.9 

243 

4.8 

1,395 

1.0 

1.3 

2.0 

46 

3.0 

275 

5.0 

1,  600 
1,  820 

1. 1 

2.3 

2.1 

59 

3.2 

345 

5.2 

1.2 

4.0 

2.2 

73 

3.4 

420 

5.4 

2,080 

1.3 

6.0 

2.3 

90 

3.6 

520 

5.6 

2,  340 

1.4 

8.8 

2.4 

108 

3.8 

625 

1.5 

12.0 

2.5 

130 

4.0 

750 

1 A  flood  occurred  on  the  night  of  October  14,  1897,  which  rapidly  subsided.  The  water  marks  and 
drift  indicate  that  the  water  stood  at  a  height  of  5  feet,  corresponding  to  a  discharge  of  1,600  second- 
feet. 
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Estimated  monthly  discharge  of  San  Gabriel  River  at  Azusa,  California. 

[Drainage  area,  222  square  miles.] 


Month. 

Discharge  in  second-feet. 

Totifljl  iTi  apTft- 
feet. 

Run-off. 

Maxi- 

Mini- 

Ail  (-1  ill  • 

Mean. 

Depth  in 

feet  per 

Lid  J.  o 

mile. 

1897. 

January   

130 

5 

40 

2,  484 

0.  201 

0. 181 

February  ,  

1,  710 

46 

332 

18,  420 

1.555 

1.494 

March  

1  765 

275 

448 

27,  572 

2  329 

2  020 

April  

345 

141 

259 

15,  417 

1.301 

1.166 

May  

141 

28 

82 

5,  042 

A    A  OA 

0.  420 

0.  369 

June  

28 

0.2 

5 

274 

0.  02 1 

0.  021 

Jnly  

0 

0 

0 

0 

0.  000 

0.  000 

August  

0 

0 

0 

0 

0.  000 

0.  000 

September  

0 

0 

0 

0 

0.  000 

0.  000 

October  

1,600 

0 

72 

4,  458 

0.  372 

0.  322 

November  

15 

0.4 

8 

475 

0.  040 

0.  036 

December  

5 

3.0 

4 

221 

0.  018 

0.  016 

TJie  year  

1,  765 

0 

104 

74,  302 

6.  260 

0.469 

Sec.-ft. 
1,  200 


JUNE 
10  20 


JULY 
10  20 


AUG. 
10  20 


SEPT. 
10  20 


OCT. 
10  20 


NOV. 
10  20 


DEC. 
10  20 


]00 


M  1 


Fig.  190.— Discharge  of  San  Gabriel  Kiver  at  Azusa,  California,  1897. 
19  GEOL,  FT  4  34 
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Eating  table  for  San  Gabriel  canals  at  division  box. 


Gage 
height. 

Dis- 
charge. 

Gage 
height. 

Dis- 
charge. 

Gage 
height. 

Dis- 
charge. 

Feet. 

See.-ft. 



Feet. 

Sec.  ft. 

Feet. 



Sec. -ft. 

2.00 

14.8 

2.  45 

37.4 

2.  90 

62.4 

2.05 

17.2 

2.50 

40.1 

2.95 

65.2 

2. 10 

19.6 

2.  55 

42.8 

3. 00 

68.0 

2. 15 

22.0 

2.  60 

45.6 

3.  05 

70.8 

2. 20 

24.4 

2.65 

48.4 

3. 10 

73.6 

2.25 

26.8 

2.70 

51.2 

3. 15 

76.4 

2.  30 

29.3 

2.  75 

54.0 

3.  20 

79.2 

2.  35 

32.0 

2.  80 

56.8 

2.40 

34.7 

2.  85 

59.6 

Bating  table  for  Azusa  canal  at  Slaughter  House  tunnel. 


Gage 
height. 

Dis- 
charge. 

Gage 
height. 

Dis- 
charge. 

Gage 
height. 

Dis- 
charge. 

Feet. 

Sec. .ft. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

.0 

0.0 

1.1 

10.5 

2.2 

32.6 

.1 

0.6 

1.2 

12.0 

2.3 

35.3 

.2 

1.3 

1.3 

13.6 

2.4 

38.2 

.3 

2.0 

1.4 

15.2 

2.5 

41.3 

.4 

2.8 

1.5 

17.0 

2.6 

44.4 

.  5 

3.7 

1.6 

19.0 

2.7 

47.6 

.6 

4.6 

1.7 

21.0 

2.8 

51.0 

.7 

5.5 

1.8 

23.0 

2.9 

54.5 

.8 

6.5 

1.9 

25.2 

3.0 

58.0 

.9 

7.7 

2.0 

27.5 

1.0 

9.0 

2.1 

30.0 
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Estimated  monthly  discharge  of  San  Gahriel  canals  at  J.zusa,  California. 


Run-off. 

Month. 

Maximum. 

Minimum. 

Mean. 

Total  for 
montli. 

Depth. 

Per  square 
mile. 

1897. 

Sec. -feet. 

Sec.-feet. 

Sec.-feet. 

Acre-feet. 

Inches. 

Sec.-feet. 

January  

22 

13 

17.  56 

1, 072 

.091 

.079 

February  

20 

3 

13. 10 

726 

.061 

.059 

21 

0 

17. 14 

1,051 

.089 

.077 

April  

60 

15 

35. 30 

2, 102 

.177 

.159 

May  

68 

55 

62. 97 

3, 810 

.328 

.284 

June  

71 

54 

63. 20 

3,  759 

.317 

.285 

July  

52 

27 

38. 13 

2,  343 

.197 

.171 

August  

34 

22 

26. 45 

1,613 

.136 

.118 

September  

23 

18 

20.  66 

1,  226 

.098 

.088 

October  

26 

10 

18.  03 

1, 106 

.093 

.081 

29 

16 

23.  30 

1,  385 

.109 

.105 

December  

29 

25 

26.  84 

1,  648 

.139 

.121 

The  year  . 

7L 

0 

30. 20 

21,  831 

1.835 

.136 

Estimated  monthly  discharge  of  San  Gabriel  River  and  canals  at  Azusa,  California. 

[Drainage  area,  222  square  miles.] 


Run-off. 

Month. 

Maximum, 

Minimum. 

Mean. 

Total  for 
month. 

Depth. 

Per  square 
mile. 

1897. 

Sec.-feet. 

Sec.-feet. 

Sec.-feet. 

Acre-feet. 

Inches. 

Sec.-feet. 

January  

147 

25 

57.9 

3,  617 

.292 

.260 

February   

1,  713 

64 

344.8 

19, 146 

1.579 

1.553 

IVTarcli  

1,  765 

294 

465.6 

28,  623 

2.  418 

2. 097 

370 

201 

294.4 

17,  519 

1.478 

1.325 

]VIay  

196 

94 

145.0 

8,  851 

.748 

.653 

91 

54 

67.8 

4,  033 

.341 

.306 

July  

52 

27 

38.1 

2,  343 

.197 

.171 

August  

34 

22 

26.4 

1,  613 

.136 

.118 

September  

23 

18 

20.7 

1,  226 

.098 

.088 

October  

1,  640 

22 

90.5 

5,  564 

.465 

.403 

November  

34 

31 

33.3 

1,  860 

.149 

.141 

December  

34 

28 

30.5 

1,  875 

.158 

.137 

The  year . 

1,  765 

18 

134.6 

96,  270 

8.059 

.604 
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SAN  LUIS  REY  RIVER. 

The  drainage  basiu  of  this  stream  is  in  the  northern  part  of  San 
Diego  County,  Oalifornia,  on  the  west  side  of  the  Coast  Eange.  The 
main  stream  flows  west,  descends  rapidly,  and  passes  out  through  a 
gap  in  the  main  range,  at  which  point  the  greater  part  of  the  stream 
is  diverted  for  purposes  of  irrigation.  Measurements  have  been  made  at 
this  point  by  Mr.  E.  F.  Tabor,  of  Escondido,  California,  estimates  for  1894 
and  1895  having  been  published  in  Bulletin  of  the  United  States  Geo- 
logical Survey,  l^o.  140,  on  page  321.  This  point  of  measurement  is  in 
sec.  23,  T.  10  S.,  E.  1  E.  From  this  point  the  river  continues  westerly 
and  empties  into  the  Pacific  Ocean  at  a  point  about  35  miles  north  of 
the  city  of  San  Diego. 

The  area  of  the  basin  above  the  point  of  diversion,  as  measured  on 
the  county  map,  is  229  square  miles.  The  total  area  of  the  watershed 
is  566  square  miles.  Of  this,  250  square  miles  is  at  an  elevation  of 
3,000  feet  and  over;  200  square  miles,  at  from  1,000  to  3,000  feet;  and 
the  remainder  is  below  the  altitude  of  1,000  feet.^ 

Water  is  diverted  from  the  river  through  the  flume  of  the  Escondido 
irrigation  district  to  a  reservoir  which  is  used  to  store  and  regulate 
the  flow  of  the  water.  The  capacity  of  this  conduit  is  28  second-feet. 
The  water  is  ultimately  used  on  the  lands  of  the  district.  An  excellent 
reservoir  site  is  situated  on  the  stream  a  few  miles  above  the  point  of 
diversion,  but  its  use  has  been  prevented  by  difficulties  as  to  land 
title. 

The  results  given  in  the  following  table  are  based  on  weir  readings, 
suj)plemented  by  a  few  measurements  made  at  various  times.  The 
gaps  in  the  record  impair  its  value  somewhat,  but  the  figures  indicate 
in  a  general  way  the  character  of  the  stream.  The  relatively  low  run- 
off is  due  largely  to  the  fact  that  a  considerable  i^ortion  of  the  basin 
lies  behind  the  main  portion  of  the  mountain  range. 


Estimates  of  discharge  of  San  Luis  Bey  River,  and  depth  of  rainfall. 
[Measurements  made  on  weir  in  flume,  except  as  noted.] 


Date. 

Flow. 

Rainfall. 

Date. 

Flow. 

llainfall. 

1896. 
October  1  to  26. 
October  27  

Second-feet. 
0.  5  to  2 
7 
10 
8 
4 
3 
2 

Inches. 

1896. 
November  6  to  9  . . 
November  10  

Second-feet. 
3 
4 
5 
4 
3 
2 
3 

Inches. 

2.50 

.25 

October  28  

November  11  to  12. 
November  13  

October  29  

October  30  

November  14  

November  1  to2  .. 
November  3  to  5  . . 

November  15  

November  16  

^  Irrigation  in  Southern  California,  by  Wm.  Ham.  HaJJ,  Sacramento,  1888,  p.  38. 
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Estimates  of  discharge  of  San  Luis  Bey  Biver,  and  depth  of  rainfall — Continued. 


Date. 


Mow. 


1896. 

November  17  to  19 . 
November  20  to  23 . 

November  24  

November  25  

November27  to  29. 

November  30  

December  1  to  8. . 
December  9  to  10. 
December  11  to  14. 

December  15  

December  16  

December  17  

December  18  

December  19  

December  20  

December  21  to  24. 
December  25  to  27. 

December  28  

December  29  

December  30  

December  31  

1897. 

Januar}^  1  to  2  

January  3  to  6  

January  7  to  9  

January  10  

January  11  

January  12  

January  13  

January  14  to  18.. 
January  19  to  20.. 

January  21  

January  22  

January  23  to  26.. 


Second-feet. 

2 
3 
7 

17 
7 

5 
5 
4 
5 

«40 
13 
9 
8 
7 
6 
5 
4 
13 
&19 
10 
7 

7 
6 
5 
10 
18 
018 
21 

{d) 
e22 
/24 
21 
19 


Rainfall. 


Inches. 


.92 


1.30 


.80 


.35 
.30 
.35 
1.20 
1.55 


Date. 


1897. 

January  27  

January  28  

Januarv  29  

January  30  

January  31  

February  1  

February  2  to  9 . . . 

February  10  

February  11  to  14. 
February  15  to  16. 

February  17  

February  18  

February  19  

February  20  

February  21  

February  24  

Feb.  24  to  Mar.  30. 

March  1  

March  3  

Marcli  6  

March  7  

March  17  

March  19  

March  28  

April  1  to  10  

April  3  

April  10  

April  11  

April  12  

April  13  

April  14  

April  15  

April  16  

April  17  


Flow. 


Second-feet. 
21 
19 
24 
30 
33 
e28 

e  33  to  35 
/24 
21 
19 
21 
29 

(d) 
(d) 
(d) 
gSOO 
20  to  40 


(70 
i79 
31 
26 
31 
35 
33 
28 
27 
24 


Rainfall. 


Inches. 


.25 


85 


.90 

1.  30 
.90 

2.  00 
.45 


.85 
.  55 
1.30 
.70 
.50 
.35 
.30 


aEntimate  in  river. 

ftPlus  19  second-feet  in  river.    Total,  38  second-feet, 
c  Plus  19  second-feet  in  river.    Total,  37  second-feet. 
d  No  record  on  account  of  high  water. 
e  Part  only  of  river. 
/All  of  river. 

gf  Estimated  discharge  at  a  point  some  miles  below.    Ditch  takes  only  a  portion  of  flow  from  Feb- 
ruary 18  to  April  10. 
Ti,  There  was  no  record  of  full  flow  at  section  33. 
{Measured  discharge  at  a  point  several  miles  below. 
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Estimates  of  discharge  of  San  Luis  Rey  Elver,  and  depth  of  rainfall — Continued. 


Date. 


1897. 

April  18  

April  19  to  20  

April  21  

May  17  

December  2  to  5  . . 
December  6  to  8  . . 
December  9  to  15  . 

December  16  

December  17  

December  18  

December  20  to  21 
December  25  to  27 
Decem.ber  28  to  30 

December  31  

1898. 
January  1  to  2  . .. 

January  3  

January  4  

January  5  

January  6  to  7  

January  8  

January  8  to  13. .. 

•Tanuary  14  

January  15  

January  16  

January  17  

January  18  

January  19  

January  20  

January  21  

January  22  

January  23  

January  24  

January  25  

January  26  

January  27  

January  28  


riow. 


Second-feet. 
24 
22 
a  21 
&11 
4 
3 

2i 

7 

6 

10 
10 
9 
8 
6 

5 
9 


6 
8 

50 

(0) 

dl9 
19 
21 
26 

e38 
19 
18 
14 
13 
40 
35 
26 
20 
14 
19 


Rainfall. 


Inches, 


20 


1.05 


25 
20 


.15 
20. 00 


10. 00 
.05 


.25 


.15 


x  low. 

1898. 

Second-feet. 

January  29  

22 

January  30  

19 

January  31  

16 

February  1  to  3  . . 

16 

February  4  to  5  . . 

15 

February  6  

13 

February  7  

15 

February  8  

/40 

February  9  

d22 

February  10  

19 

February  11  

17 

February  12  

15 

February  13  

12 

February  14  to  16. 

10 

February  17  

13 

February  18  

«/  ------ 

22 

February  19  

17 

February  20  

13 

February  21  

12 

February  22  to  23. 

10 

February  24  to  28. 

9 

March  1  to  9  

8 

March  10  

27 

March  11  

33 

March  12  

21 

March  13  

17 

March  14  

18 

March  15  

24 

March  16  

17 

Marrh  1 7 

22 

March  18  

21 

March  19  

•  26 

March  20  

28 

March  21  

20 

March  22  

17 

March  23  

18 

15 

Rainfall. 


Inches. 


.35 
.20 


.10 
.05 


1.40 


.30 

.10 

.25 


.02 


a  From  this  date  to  May  21  no  full  record  of  flow 
b  Measured  8  miles  lower  on  stream. 
c  No  record  on  account  of  high  water. 
d  All  of  river. 

eRise  probably  caused  by  melting  snow. 
/'Part  only  of  river. 
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Estimates  of  discharge  of  San  Luis  Beij  River,  and  depth  of  rainfall — Continued. 


Date. 


Flow. 


1898. 
March  25. .. 
March  26... 
March  27... 
March  28... 
March  29... 
March  30... 
March  31... 
April  1  to  2 


Second-feet. 
13 
28 
24 
21 
18 
15 
13 
11 


Rainfall. 


Inches. 


.35 


Date. 

Flow. 

1898. 

Second-feet. 

April  3  to  4  

10 

April  5  to  12 

9 

April  13  to  14  .... 

7 

April  15  to  16  .... 

6 

April  17  

a9 

May  2  to  8  

&12 

May  16  to  23 

&14 

Rainfall. 


Inches. 


10 


1 
1 


a  No  daily  record  since  this  date.  &  Approxmate. 

List  of  miscellaneous  discharge  measurements,  State  of  California. 


Date. 


1897. 
Jan.  4 


Do 


Do 


Do 


Jan.  8 
Do.. 


Stream. 


Pallett  Creek, 
tributary  of 
Big  Rock 
Creek. 

Big  Rock 
Creek. 


Do..  Development 
tunnel. 


Diversion  into 
above  tunnel. 

Little  Rock 
above  tunnel. 


S  ant a  Ana 
River. 

Santa  Ana  ca- 
nal. 


Locality. 


Measured  be- 
low Cienega. 


Above  devel- 
opment at 
A 1  b  e  r  g  e  r's 
dam. 

Tunnel ap- 
proach  5,000 
feet  long  in 
gravel  of  Big 
Rock  Creek 
bed. 


In  South  Ante- 
lope Valley 
Irrigati  on 
Company 
flume. 

At  W  a  r  ra - 
springs. 

Not  included  in 
river  meas- 
urements at 
headworks. 


Meter 
num 
ber. 


67 
Weir 


Gage 
height. 


Feet. 


0.  35 


1.00 


Area  of 
section . 


Sq.feet. 
0. 52 


6.6 


1.09 


1.56 


14.2 


1 


Mean 
velocity. 


Feet  per 
second. 

1.50 


0.  92 


1.22 


0. 82 


1.21 


1.80 


Dis- 
charge. 


Sec. -feet. 
0.  78 


5.3 


1.33 


1.27 


3 


26 


8.  72 
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List  of  miscellaneous  discharge  measurements,  State  of  California — Continued. 


Gage 

M-l\J  X  fii.  u* 

Area  of 

Mean 

"VPlop.i't'.Tr 

>  Xj1.\J\j  1.  \j  y 

Feet  per 

Feet. 

Sq.feet. 

second. 

0.  30 

3. 97 

5.37 

0.500 

2.81 

185 

1.  70 

2.54 

1.70 

10 

2. 18 

5.40 

35 

1.53 

10 

1. 18 

14 

1.08 

54 

0.67 

25 

2.05 

3 

0.  43 

29 

1.19 

3 

0.  26 

Date. 


1897. 
Jan.  8 

Do.. 


Do 
Do 


Feb. 10 


Do 


May  29 
May  30 

Do.. 

July  13 
Do 


Sept.  6 
Do.. 

Oct.  29 


Do 


Stream. 


Green  Spot 
pipe. 

Redlands  ca- 
nal. 

Highlands  ca- 
nal. 

Waste  from 
Santa  Ana 
canal. 

Caloway  canal. 


.do 


Mining  Com- 
pany ditch. 

Stanislaus  and 
San  Joaquin 
Valley  flume. 

Little  John 
canal. 

 do  

Stanislaus  and 
San  Joaquin 
canal. 

 do  

Little  John 
canal. 

Stanislaus  and 
San  Joaquin 
canal. 

Little  John 
canal. 


Locality. 


At  headworks  . 

In  flume  at  in- 
take to  wood- 
en pipe. 

At  intake  


Returned  tori  v^- 
er  below  gage 
at  Warm 
Springs  weir. 

Second  point 
of  measure- 
ment. 

First  point 
of  measure- 
ment. 

Lagrange  Dam . 

Knights  Ferry, 
California. 


do 

do 
.do 


.do 
do 

do 
.do 


Meter 
num 
ber. 


Weir 
67 

Weir 


67 

67 

67 
67 

67 

67 
67 

67 
67 

67 
67 


Dis- 
charge. 


Sec. -feet. 
0.  38 

21.32 


11.9 
2.  86 


314 


322 


54 


12 

15 
36 


52 
1 

34 
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RAINFALL  DATA. 

In  order  to  obtain  precipitation  data  bearing  upon  river  discharge, 
a  number  of  rain  gages  have  been  placed  by  Mr.  J.  B.  Lippincott  at 
various  important  points.  The  following  tables  give  the  location  of 
these  and  the  results  of  the  observations  made  together  with  data 
obtained  from  persons  who  have  made  similar  observations  with  especial 
reference  to  problems  of  water  storage  or  control : 
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WATER  SUPPLY  OF  SAX  BERNARDINO  VAT^LiEY. 


By  J.  B.  LiPPiNCOTT. 


GENERAL  STATEMENT. 

The  area  discusssed  in  this  report  is  in  southern  California,  lying  for 
the  most  part  easterly  from  the  city  of  San  Bernardino  (see  fig.  191) 
and  consisting  of  the  upper  or  higher  part  of  the  valley  in  which  is  sit- 
uated the  town  of  Redlands.  It  is  about  50  miles  distant  from  the  ocean 
and  has  an  elevation  of  from  1,000  to  1,500  feet  in  the  vicinity  of  San 
Bernardino  and  Redlands.  Northerly  and  easterly  from  the  valley  the 
mountains  rise  abruptly,  reaching  altitudes  of  from  6,000  to  7,000  feet, 
a  few  of  the  peaks  rising  to  10,000  or  even  11,000  feet.  The  abrupt 
slopes  by  which  the  valley  is  bounded  aid  in  producing  a  rainfall  rela- 
tively heavy  for  the  arid  region.  The  waters,  uniting  into  streams, 
descend  rapidly  through  narrow  gorges,  issuing  finally  upon  accumu- 
lations of  bowlders  and  smaller  debris  which  stretch  in  fan-shaped 
masses  away  from  the  mouth  of  each  canyon.  The  region,  though  dry, 
has  thus  a  notable  water  supply,  and  the  exceptional  climate  and  soil 
have  resulted  in  an  extraordinary  development  of  agriculture  by  irri- 
gation. Lands  and  crops  have  reached  high  values  in  San  Bernardino 
Valley  and  expensive  irrigation  works  have  been  built.  A  denser 
population  is  supi)orted  than  in  any  other  farming  region  of  the  West. 
This  has  been  accomplished  in  spite  of  the  fact  that  the  cost  of  con- 
structing works  and  of  reclaiming  the  lands  has  been  very  great. 

The  topographic  conditions  of  this  locality  favor  the  production  of 
high-grade  fruits.  The  ranges  of  mountains  to  the  north  and  east  shut 
out  the  cold  desert  winds,  leaving  the  southwestern  exposure  tempered 
by  breezes  from  the  sea.  The  distance  inland  is  sufficient  to  admit  of 
the  high  summer  temi^eratures  necessary  to  the  successful  rii)ening  of 
citrus  fruits.  The  success  of  this  industry  has  rendered  it  possible  to 
secure  capital  for  the  construction  of  the  works  for  water  storage  and 
distribution,  and  has  resulted  in  a  corresi^ondingly  great  economy  in 
the  quantity  of  water  employed.  In  this  valley  water  is  made  to  do 
more  work  and  earn  greater  returns,  probably,  than  in  any  other  por- 
tion of  the  arid  region  of  the  United  States. 

The  discussion  of  the  water  resources  given  in  the  following  pages 
relates  i)articularly  to  the  systems  taking  water  from  Santa  Ana  River 
and  its  tributaries  and  supplying  Orafton,  Highlands,  Redlands,  and 
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Old  San  Bernardino.  There  has  also  been  included  a  discussion  of 
Mohave  Kiver,  whicli  rises  on  the  northern  slopes  of  the  mountains  and 
flows  northerly  into  the  desert,  for  it  is  probable  that  by  means  of  cer- 
tain storage  works  now  under  construction  much  of  this  water  will  be 
caught  and  turned  southward  by  diverting  lines  or  tunnels  to  supply 
portions  of  San  Bernardino  Valley.  The  drainage  area  of  Santa  Ana 
Eiver  is  shown  by  the  index  map,  fig.  191,  which  exhibits  the  rela- 
tive position  of  the  principal  towns  and  systems  of  irrigation.  As 
shown  by  a  glance  at  this  map,  the  Santa  Ana,  rising  in  the  high 
mountains,  flows  southeasterly  through  San  Bernardino  Valley.  Be- 


FiG.  191. — Index  map  of  principal  irrigation  systems. 


yond  this  it  passes  through  low  ranges  of  hills,  and  finally  escapes 
crossing  the  coastal  plain  to  the  ocean.  At  present  we  are  concerned 
only  with  the  head  waters  of  this  river  above  San  Bernardino.  South 
of  the  main  stream,  and  tributary  to  it,  is  Mill  Creek,  and  on  the  north 
Plunge  Creek  and  City  Creek.  The  view  on  PI.  LIII  shows  San  Gor- 
gonio,  or  Grayback  Peak,  in  the  background  and  a  portion  of  the  country 
tributary  to  Mill  Creek.  In  the  following  discussion  each  of  these  will 
be  considered  independently,  for,  although  topographically  they  are 
part  of  the  same  stream,  their  waters  for  the  most  part  are  caught  and 
utilized  before  leaving  the  mountains,  so  that  for  all  practical  purposes 
they  are  indei)endent  sources  of  supply. 
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EARLY  IRRIGATION  HISTORY. 

The  first  settlement  in  California  was  by  the  Spanish  padres  of  the 
Catholic  Church.  The  task  of  civilizing  the  Indians  was  given  them  by 
the  Spanish  Government,  and  in  order  that  they  should  have  power 
to  carry  out  their  policy,  they  received  great  grants  of  land  upon  which 
they  were  to  care  for  and  instruct  the  natives  in  the  ways  of  peace. 
The  great  missions  were  thus  founded  and  developed,  the  Indians 
becoming  practically  the  slaves  of  the  church.  From  the  principal 
missions  as  a  center  the  work  was  extended  by  establishing  smaller 
branches  in  the  interior  valleys,  such,  for  example,  as  San  Bernardino 
Mission,  founded  in  1820. 

In  1821  San  Bernardino  Mission  built  the  first  ditch  constructed  in 
this  valley,  leading  from  Mill  Creek,  above  Crafton,  to  the  mission 
church  and  farm,  sometimes  called  in  early  days  Cottonwood  Eow,  and 
now  known  as  Old  San  Bernardino.  This  canal,  shown  in  PI.  LIY, 
was  built  on  the  natural  grade  of  the  valley,  which  is  about  300  feet 
to  the  mile,  was  12  miles  long,  and  supplied  water  for  536  acres  of 
grain  and  vines.  Its  capacity,  approximately  2,000  miner's  inches 
(40  second-feet),  commanded  the  entire  summer  flow  of  the  creek,  and 
it  has  maintained  this  right  ever  since.  It  was  a  crude,  wasteful  ditch 
and  always  lost  a  large  proportion  of  its  water  by  overflow,  percolation, 
and  evaporation.  This  primitive  construction  has  jiever  been  improved, 
and  it  remains  to-day  as  a  record  of  the  past.  The  agreement  on  the 
part  of  the  church  to  return  the  lands  to  the  State  when  the  Indians 
became  civilized  was  disregarded  until  the  Mexican  Government,  in 
1833,  secularized  all  mission  lands. 

The  Mexican  grant  of  the  Rancho  San  Bernardino  to  Jose  Maris 
Lugo  and  others  was  made  by  Governor  Alvarado  in  1842,  and  specif- 
ically conveyed  title  to  the  ditch  and  the  waters  of  Mill  Creek.  Sub- 
sequently contests  followed  to  determine  whether  the  grant  of  water 
was  made  to  cover  all  of  these  lands  or  only  the  particular  portions 
then  irrigated.  The  decrees  of  the  court  and  local  customs  have  held 
that  these  water  rights,  as  well  as  others,  belong  to  the  actual  irrigator, 
who  can  sell  to  other  parties  or  transfer  them  to  other  canals,  as  he 
may  elect. 

Mormons  from  Utah  entered  the  valley  in  1851.  They  were  chiefly 
Josephite  members  of  the  Church  of  the  Latter-Day  Saints,  who  did 
not  believe  in  polygamy,  and  so  left  Utah.  These  people  purchased 
the  San  Bernardino  grant  in  1852.  By  an  order  of  the  church  many 
of  the  Mormons  returned  to  their  Yalley  of  Jordan in  1857.  Later 
settlers  around  Crafton  and  outside  of  the  grant  claimed  the  zanja  to 
be  a  natural  water  course,  and  used  it  first  for  domestic  purposes,  and 
by  a  compromise  in  1875  were  given  its  entire  flow  from  3  p.  m.  to  9 
p.  m.  each  day.  During  that  interval  Crafton  Settlement,  being  8  or  10 
miles  above  the  old  Mormon  settlement,  could  take  the  water  which 
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would  pass  the  Mormon  settlement  unused  at  niglit.  Out  of  these 
concessions  grew  the  Grafton  system. 

It  has  been  said  of  California  that  every  township  has  a  distinct 
climate,  and  to  a  limited  extent  this  is  true.  In  the  lower  portions  of 
the  valley  there  may  be  heavy  frosts,  while  a  few  hundred  feet  higher 
the  lands  are  practically  frostless,  thus  permitting  a  more  tropical 
variety  of  fruit  to  be  grown.  These  "foothill  fruits"  are  also  of  finer 
flavor  than  those  of  the  valley.  This  has  led  to  a  singular  irrigation 
custom  in  this  district.  As  the  farmers  have  come  to  appreciate  these 
facts  they  have  seen  the  desirability  of  tilling  the  higher  lands  and  of 
moving  their  water  rights  up  from  the  lower  valleys.  Hence  the  cus- 
tom has  grown  of  holding  the  water  right  separate  from  the  land,  and 
thus  permitting  its  transfer  from  one  canal  to  another  or  its  sale 
outright.  The  usual  method  of  operation  has  been  to  sell  "canal 
shares,"  which  represented  at  first  runs  of  the  entire  ditch  for  so 
many  hours  per  month.  Gradually  this  share  has  developed  into  a 
"  certificate,"  which  entitles  the  holder  to  a  certain  amount  of  water, 
which  he  may  call  for,  on  presentation  of  his  certificate,  at  any  point 
on  the  system  and  at  any  rate  of  flow,  provided  he  does  not  accumulate 
his  water  for  a  period  of  more  than  thirty  days.  For  instance,  the 
Bear  Yalley  certificate.  Glass  A,  calls  for  one-seventh  of  a  miner's 
inch  (0.003  second-foot)  continuous  flow  for  each  acre.  This  right  the 
company  has  sold,  and  the  irrigator  may  either  take  the  one-seventh 
inch  continuous  flow,  or  he  may  call  for  a  month's  water  in  one  day, 
which  would  be  about  4.3  miner's  inches  (0.09  second-foot)  for  that  time, 
and  as  he  will  probably  irrigate  10  acres  at  a  time  his  "irrigation 
head"  in  that  case  would  be  43  miner's  inches  (0.9  second-foot). 

DUTY  OF  WATER. 

In  San  Bernardino  Valley,  as  well  as  in  southern  Galifornia  as  a 
whole,  not  only  are  the  irrigation  works  as  a  rule  well  planned  and 
expensive,  but  the  water  is  also  used  with  great  care.  This  is  expressed 
by  saying  that  the  duty  of  water  is  high,  or  that  a  large  area  of  ground 
is  cultivated  by  a  given  quantity  of  water.  The  unit  of  quantity  is 
taken  to  be  the  cubic  foot  i^er  second,  or  second-foot,  as  often  abbre- 
viated. The  miner's  inch  is  the  unit  popularly  employed,  this  being 
handed  down  from  the  time  when  water  in  Galifornia  was  considered 
valuable  mainly  for  hydraulic  mining.  The  miner's  inch  has  been  found 
to  be  an  indefinite  quantity,  varying  in  different  parts  of  the  State,  and 
has,  after  much  controversy,  been  fixed  by  law  to  be  the  fiftieth  part 
of  a  second-foot.  The  duty  of  water  is,  for  example,  sometimes  stated 
to  be  an  inch  to  2  acres;  or,  in  other  words,  a  miner's  inch  flowing  con- 
tinuously through  the  season  will  irrigate  2  acres  of  land  j  or  at  this 
rate  a  cubic  foot  per  second  flowing  continuously  will  irrigate  100  acres. 

It  is  difficult  to  make  a  general  statement  of  the  duty  of  water,  for 
it  is  dependent  on  so  many  factors.    It  varies  with  the  temperature. 
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precipitation,  and  humidity  of  tbe  locality  in  question.  Sandy  soil,  if 
tlie  subdrainage  is  good,  requires  more  water  than  soils  that  contain 
much  clay  or  humus.  The  character  of  the  main  canals  and  of  the 
laterals,  whether  lined  or  unlined,  in  light  soils,  has  much  influence. 
The  skill  of  the  irrigator  in  the  application  of  the  water  is  also  of  especial 
importance.  It  was  found  during  a  year  of  extreme  shortage  under  the 
Sweetwater  system,  where  the  usual  duty  of  water  is  1  inch  to  10  acres, 
that  with  a  smaller  supply  a  crop  of  more  than  average  value  was  pro- 
duced by  resorting  to  repeated  cultivation.  This  system,  however,  is 
in  use  on  the  coast,  where  the  average  humidity  is  about  80  per  cent, 
which  is  much  above  the  average  of  the  arid  region. 

In  order  to  convey  a  broad  impression  as  to  the  variation  in  the  duty 
of  water,  the  following  table  is  introduced  from  the  Manual  of  Irriga- 
tion Engineering,  by  H.  M.  Wilson,  p.  49 : 

Duty  of  water, 
[Based  on  supply  entering  canal  head  ] 


Locality. 


Duty  per 
second-foot. 


I 


Acres. 

Northern  India   60  to  150 

Italy   65  to  70 

Colorado   80  to  120 

Utah  i  60  to  120 

Montana   80  to  100 

Wyoming   70  to  90 

Idaho   60  to  80 

New  Mexico   60  to  80 

Southern  Arizona  '  100  to  150 

San  Joaquin  Valley,  California   100  to  150 

Southern  California :  i 

Surface  irrigation   150  to  300 

Subirrigation   300  to  500 


As  shown  by  the  table,  the  duty  of  water  in  southern  California  sur- 
passes the  usual  i^ractice  throughout  the  arid  region.  As  a  matter  of 
fact,  however,  it  is  probable  that  there  is  used  on  the  land  nearly  as 
much  water  here  as  elsewhere,  except  near  the  coast,  where  the  atmos- 
phere is  humid.  The  difference  is  largely  accounted  for  by  the  superior 
economy  in  the  conveyance  of  water  from  its  source  to  the  place  where 
used. 

Within  a  mile  of  the  sea,  on  the  sandy  bench  lands,  where  moisture 
is  derived  from  fogs,  it  is  not  unusual  to  raise  a  good  crop  of  corn 
without  a  droj)  of  water  apparently  falling  on  it  or  artificially  supplied. 
But  in  San  Bernardino  Yalley  such  conditions  are  unknown;  there 
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irrigation  must  be  continuously  practiced.  Yery  little  grain  is  grown 
by  irrigation,  but  fruits  are  watered  regularly  throughout  the  season. 
Deciduous  fruit  trees  require  only  about  one-half  the  amount  used  by 
the  citrus  fruits,  as  their  bearing  season  is  shorter  and  they  are  not 
extensively  irrigated  after  the  crop  is  gathered.  The  citrus  fruits  are 
irrigated  from  the  time  the  sj)ring  rains  cease,  usually  in  Ajml,  until 
the  frost  threatens  the  tender  new  growth  in  November. 

In  San  Bernardino  Yalley,  where  a  supply  for  citrus  fruits  of  1 
miner's  inch  to  4  acres  (1  second-foot  to  200  acres)  is  used,  the  irriga- 
ting season  lasts  from  one  hundred  and  eighty  to  two  hundred  days. 
The  old  water  rights  at  Redlands  and  Grafton  call  for  this  amount  of 
water.  At  Highlands  the  duty  is  greater,  being  usually  1  inch  to  5 
acres.  As  a  rule,  the  duty  of  water  is  being  increased  by  better  culti- 
vation, but  at  the  same  time  the  trees  are  growing  older  and  more  are 
coming  into  bearing,  so  that  it  is  not  desirable  to  diminish  the  amount 
put  on  the  orchards. 

There  is  no  question  that  the  continued  cultivation  of  the  soil,  by 
breaking  up  the  small  capillary  evaporating  tubes  that  form  in  the 
hard-baked  top  soils,  greatly  assists  in  retaining  its  moisture.  It  is  not 
desirable  to  turn  the  soil  over  with  a  plow,  nor  simply  to  go  through  it 
with  a  weed  cutter,  but  rather  to  stir  the  top  with  a  cultivator.  This 
practically  stops  evaporation  and  permits  the  soil  to  retain  moisture  in 
a  way  that  is  remarkable. 

Antelope  Yalley,  in  Los  Angeles  County,  has  a  rainfall  during  the 
winter  months  of  about  10  inches,  an  evaporation  from  a  water  sur- 
face of  65  inches,  and  a  relative  humidity  in  some  large  almond  orchards 
of  30  per  cent  or  less.  The  soil  is  decomposed  granite  and  clay  loam, 
which  has  been  cultivated  about  once  a  month  during  the  growing  sea- 
son. Under  these  conditions  the  almond  trees  for  the  last  five  years 
have  grown  slowly  but  surely,  and  practically  without  irrigation. 
There  is  probably  no  tree  better  adapted  to  this  extreme  dryness. 
Where  the  apple  and  other  trees  have  failed  the  almond  has  continued 
to  grow. 

There  is  no  doubt  in  the  minds  of  experienced  irrigators  that  these 
trees  would  have  grown  with  much  greater  rapidity  if  they  had  had 
water,  and  that  judicious  irrigation  would  insure  and  increase  the 
crop.  Yigorous  irrigation  in  the  summer,  after  the  crop  has  been 
harvested,  assists  the  tree  in  its  work  of  preparation  for  the  coming 
year. 

Lemon  and  orange  trees  require  much  water.  While  continued  culti- 
vation of  the  soil  greatly  assists  the  tree  in  feeding,  and  reduces  the 
amount  of  water  required  for  its  supi^Iy,  yet  in  rather  light  soils  the 
citrus  trees  in  full  bearing,  when  thus  cultivated,  do  best  with  a  water 
supply  of  nearly  2  acre-feet,  intelligently  applied  and  distributed 
through  the  growing  season  of  two  hundred  days.  There  is  no  economy 
in  saving  a  few  dollars  per  acre  i)er  annum  on  water  when  the  crop 
19  GEOL,  PT  4  
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would  be  increased  50  or  100  i)er  cent  by  its  use.  In  this  locality  decid- 
uous fruits  do  well  on  one-third  or  one-half  the  amount  needed  for  citrus 
fruits. 

Mr.  F.  S.  Beresford,  an  eminent  Indian  engineer,  states  that  each 
cubic  foot  of  water  entering  a  canal  at  its  head  is  distributed  in  five 
ways : 

(1)  In  waste  by  absorption  and  evaporation  passing  from  the  canal 
head  to  the  distributing  head. 

(2)  In  waste  from  the  same  causes  between  the  distributing  head  and 
the  head  of  the  private  channel. 

(3)  In  wastes  in  passing  from  the  private  channel  to  the  field  to  be 
watered. 

(4)  In  waste  by  the  cultivator  in  handling  the  water,  causing  loss 
either  by  evaporation  or  by  percolation  where  an  unnecessary  amount 
is  applied. 

(5)  In  useful  irrigation. 

Mr.  Beresford,  to  facilitate  the  computation  of  the  efficiency  of  the 
system,  puts  this  loss  in  the  form  of  an  equation : 

Let  Q  be  the  discharge  of  the  river  at  the  head  gate,  W  the  total 
waste  from  the  head  gate  to  the  outlet,  L  the  length  of  the  main  canal, 
some  function  of  the  length,  as  |  or  I,  found  by  experiment,  AP  loss 
'  in  volume  by  absorption  and  percolation  in  an  average  mile,  E  the  effi- 
cacy of  the  main  canal,  the  efficacy  of  the  distributing  canal,  Ec 
the  efficacy  of  the  cultivator,  Eo  the  efficacy  at  the  point  under  consid- 
eration on  the  main  canal.  The  small  letters  apply  to  the  distributing 
canal  in  the  same  way  as  the  capitals  ajjply  to  the  main  canal. 


Say,  Ec=0.75. 

It  has  been  found  that  in  the  Indian  canals  the  amount  of  water  effi- 
ciently used  on  the  trees  is  often  as  low  as  40  per  cent  of  the  amount 
entering  the  head  works.  From  the  equation  given  above  it  is  evident 
the  longer  the  canal  line  the  greater  the  care  necessary  to  prevent  loss 
by  absorption  and  percolation,  and  the  more  desirable  are  high  veloc- 
ities. 

In  the  citrus-growing  districts  of  southern  California  no  such  loss  is 
permitted.  The  water  is  diverted  in  lined  canals  from  the  river  and  dis- 
tributed in  flumes,  or  frequently  in  pipes,  as  is  customary  with  a 
domestic  water  supply.  The  conduits  are  also  comparatively  short. 
A  loss  of  1.5  per  cent  per  mile  is  considered  large  in  canals  having  a 
capacity  of  25  second-feet  and  over.  The  Santa  Ana  canal  has  about 
20  second-feet  of  water  (1,000  miner's  inches)  entering  its  head  gates, 


(1) 


(2) 
(3) 


E  =EoxBwxBo 
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and  loses  about  15  per  cent  in  8  miles.  This  is  considered  a  heavy 
loss. 

It  is  stated  by  the  superintendent  of  the  Bear  Valley  Irrigation  Com- 
pany that  of  the  water  diverted  from  Santa  Ana  B-iver  for  the  Ales- 
sandro  and  Ferris  districts  there  is  a  loss  of  35  per  cent  between  the 
river  and  the  irrigation  districts.  This  water  is  carried  for  the  first  8 
miles  in  the  Santa  Ana  canal,  where  the  loss  in  summer  is  about  15  per 
cent.  It  is  then  conducted  through  a  steel  pipe  9.7  miles,  from  Mill 
Creek  to  the  Moreno  tunnel,  and  thence  distributed  to  the  lands  in 
question  through  small  reservoirs,  pipes,  and  flumes,  the  total  distance 
carried  being  about  22  miles.  This  loss  is  so  great  that  the  figures  are 
seriously  doubted  by  some  engineers. 

The  duty  of  water  is  seldom  considered  in  southern  California  except 
as  measured  at  the  land  where  it  is  to  be  applied,  but  even  if  meas- 
ured at  the  headworks  the  waste  in  delivery  in  a  good  system  should 
not  exceed  an  average  of  15  per  cent  for  the  year.  The  users  of  this 
Avater  are  an  intelligent  class  of  people,  handling  a  very  high  priced 
water  and  crop.  In  many  of  the  orchards,  the  water  being  limited 
and  the  land  areas  always  in  excess  of  the  water  supply,  every  drop 
is  utilized.  For  these  reasons  it  is  safe  to  say  that  the  cultivator  here 
is  as  careful  as  any  elsewhere,  and  that  his  personal  efficiency  would 
be  equal  to  the  best,  which  Mr.  Beresford  found  to  be  90  per  cent. 

Assuming  the  above  to  be  true,  the  final  efficiency  of  the  water  used 
in  San  Bernardino  Y  alley  may  be  safely  taken  to  be  70  to  80  per  cent 
of  the  water  entering  the  head  gates,  or  nearly  twice  that  of  India.  If 
in  India  the  duty  of  water  entering  the  canal  is  1  second-foot  to  100 
acres,  with  an  efficiency  of  40  per  cent,  the  duty  of  the  effective  water 
there  would  be  1  second  foot  to  250  acres,  which  would  give  a  depth  of 
1.44  feet  on  the  land.  This  is  found  to  be  a  common  practice  for  citrus 
fruits  in  this  valley.  In  irrigation  enterprises  there  is  a  constant 
temptation  on  the  part  of  the  management  to  sell  more  land  or  water 
for  land  than  the  tributary  drainage  basin  can  supply,  or  to  under- 
estimate the  amount  of  water  required  because  of  the  limited  supply. 

An  explanation  of  the  wide  range  in  the  duty  of  water  may  be  had 
in  the  illustrations  (Fl.  LV),  giving  views  in  San  Joaquin  Valley, 
taken  in  1887:  J.  is  a  view  in  an  orchard;  B  in  a  vineyard;  both  show- 
ing an  amount  of  water  a])plied  to  the  soil  so  great  that  a  large  portion 
of  it  is  wasted  and  probably  the  results  in  crop  yield  are  not  as  large  as 
though  a  smaller  amount  had  been  applied  at  a  time.  In  contrast  with 
these,  reference  should  be  made  to  Fls.  LVII  and  LVIII,  showing  care 
and  skill  in  the  prevention  of  waste. 

In  southern  California  the  first  cost  of  works  has  often  been  so  great 
that  those  companies  that  looked  for  profit  only  from  the  sale  and  rental 
of  their  water,  have,  as  a  rule,  failed.  Land  without  water  is  univer- 
sally regarded  as  of  little  or  no  value,  but  with  a  good  water  right 
the  same  land  would  be  thought  cheap  by  the  same  people  at  $100  per 
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acre,  yet  it  would  be  difficult  to  induce  them  to  pay  from  $60  to  $90 
per  acre  for  a  water  riglit.  The  water  company  might  earn  this 
increased  valuation,  but  the  only  way  in  which  they  could  collect  it 
would  be  by  purchasing  the  land,  improving  it,  and  afterwards  selling 
land  and  water  together.  It  has  recently  been  ruled  by  Judge  Erskine 
M.  Boss,  in  the  United  States  district  court  at  Los  Angeles,  that  a  com- 
pany can  not  sell  a  water  right;  that  they  can  only  charge  for  the  con- 
veyance of  the  water  such  rates  as  may  be  regulated  by  the  local  board 
of  county  supervisors,  but  that  these  rates  must  be  large  enough  to 
bring  in  to  the  company  a  fair  return  on  the  value  of  the  water  plant. 
This  decision  has  not  been  confirmed  by  appeal  to  the  higher  courts. 
As  it  stands,  it  evidently  makes  it  still  more  desirable  for  the  water 
company  to  control  the  lands  under  its  system.  The  result  of  this 
decision  has  been  that  some  of  the  water  companies  have  repudiated 
the  water  certificates  (acre  water  rights)  that  they  have  previously  sold 
and  are  endeavoring  to  increase  annual  water  rentals. 

WATER  POWER. 

Following  the  development  of  agriculture  by  irrigation,  and  the 
rapid  growth  in  population  and  wealth,  has  come  the  utilization  of  water 
for  power  purposes.  This  secondary  employment  has,  as  a  rule,  not 
interfered  with  irrigation,  because  most  of  the  streams,  as  previously 
stated,  descend  with  rapid  slope  from  the  high  mountains,  giving  enor- 
mous available  heads  for  power  purposes.  The  most  prominent  indus- 
trial development  has  thus  been  the  utilization  of  the  many  water 
powers  of  this  section  for  the  purpose  of  generating  electricity  and  the 
transmission  of  the  electric  current  to  the  near-by  cities  for  light,  heat, 
and  power.  The  rapid  strides  made  in  electric  development  during 
the  last  ten  years  have  rendered  feasible  many  projects  that  j)rior  to 
1887  were  impracticable,  and  the  distance  over  which  jelectric  power  may 
be  transmitted  with  favorable  commercial  results  has  been  increased, 
it  is  said,  to  at  least  100  miles. 

The  area  lying  along  the  southern  base  of  the  Sierra  Madre  and  San 
Bernardino  mountains  in  southern  California,  and  extending  from  the 
Pacific  Ocean  to  the  city  of  Eedlands,  a  distance  of  80  miles,  is  the 
locality  to  which  belongs  the  honor  of  having  installed  the  first  long- 
distance transmission  plant  in  the  United  States — that  from  San 
Antonio  Canyon  to  the  city  of  San  Bernardino,  a  distance  of  28  miles. 
This  valley  contains  the  cities  of  Los  Angeles,  Pasadena,  Pomona, 
Ontario,  Colton,  San  Bernardino,  Eiverside,  and  Eedlands,  besides 
many  smaller  towns,  and  is  traversed  by  the  Santa  Fe  and  the  South- 
ern Pacific  railway  systems  for  the  entire  length. 

Beginning  on  the  east,  the  first  stream  of  imi)ortance  is  Mill  Creek, 
with  an  approximate  average  summer  flow  of  30  second-feet;  then  Santa 
Ana  Eiver,  with  an  approximate  flow  of  80  second  feet;  Lytle  Creek, 
with  about  25  second-feet;  San  Antonio  Creek,  with  about  10  second- 
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feet;  and  San  Gabriel  Kiver,  with  approximately  35  second-feet.  Tliese 
discharge  figures  are  taken  from  local  records  and  are  not  the  result  of 
official  measurement.  In  addition  to  these  there  are  a  number  of 
smaller  streams  which,  for  various  reasons,  are  not  available  for  power 
purposes.  The  largest  stream  among  those  named,  and  the  most  avail- 
able for  power  purposes,  is  Santa  Ana  Kiver,  and  the  next  m  order  are 
Mill  Creek  and  Lytle  Creek.  San  Gabriel  Eiver,  while  having  a  greater 
How  of  water  than  either  Mill  Creek  or  Lytle  Creek,  has  less  available 
fall  per  mile.  On  all  of  these  streams  the  waters  have  been  appro- 
priated for  power  purposes,  and  on  San  Antonio  and  Mill  creeks  the 
electric  plants  have  been  in  operation  since  1892. 

In  1891  work  was  begun  on  the  plant  of  the  San  Antonio  Light  and 
Power  Comi^any,  and  in  October,  1892,  current  was  delivered  over  the 
lines  to  the  cities  of  Pomona  and  San  Bernardino,  distant  from  the  power 
house  18  and  28  miles,  respectively.  This  was  the  first  long-distance 
electric-transmission  plant  in  the  United  States,  and  is  operated  at  a  line 
voltage  of  10,000  volts,  something  hitherto  unknown  outside  of  the 
laboratory  of  electric  scientists.  The  i)lan  of  hydraulic  development 
of  this  power  was  the  diversion  of  water  from  the  creek  into  a  riveted 
steel  pipe  2G  inches  in  diameter,  having  a  pressure  head  of  400  feet 
at  its  lower  end,  where  it  entered  a  heavy  riveted  steel  receiver.  From 
this  receiver  the  water  was  delivered  through  small  nozzles  to  Pelton 
impulse  wheels,  directly  connected  to  the  shafts  of  the  electric  genera- 
tors in  the  power  house,  the  latter  being  separated  from  the  wheel  pit 
by  a  heavy  masonry  wall. 

The  operation  of  this  plant  has  been  continuous  and  successful  from 
its  inception,  although  the  transformer  apparatus  for  raising  the  line 
voltage  is  crude  and  inefficient  as  compared  with  the  present  types  of 
construction.  Tliis  plant  was  so  constructed  that  it  could  deliver  elec- 
tricity for  lighting  i^urposes  but  not  for  the  operation  of  electric  motors. 

In  1892  the  Eedlands  Electric  Light  and  Power  Company  began  work 
on  the  utilization  of  the  waters  of  Mill  Creek,  and  put  into  operation 
in  the  summer  of  1893  a  1,500-horsepower  plant  for  the  electric  trans- 
mission of  light,  heat,  and  i^ower.  The  working  capacity  of  the  pipe 
line  is  stated  as  30  second-feet.  This  was  the  first  installation  in  the 
United  States  of  the  three-phase  power-transmission  i)lant,  and  the 
details  of  its  operation  and  construction  were  much  discussed  and 
favorably  commented  on  in  the  technical  journals  of  the  United  States 
and  Europe.  This  plant  is  now  supplying  with  light,  heat,  and  power 
for  manufacturing  purposes  the  cities  of  Kedlands,  Eiverside,  and  Col- 
ton,  as  well  as  the  State  Insane  Asylum  at  Highlands  and  a  large  ice 
manufactory,  the  latter  using  200  horsei)Ower  for  a  synchronous  motor. 
The  population  of  these  cities  and  their  distance  from  the  power  house 
are  as  follows:  Redlands,  i)opulation  5,000,  distance  from  power  house, 
7 J  miles;  Riverside,  population  8,000,  distance  from  x^ower  house,  22 
miles;  Colton,  poi)ulation  3,000,  distance  from  power  house,  15  miles. 
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The  line  voltage  to  Redlands  is  2,500  volts,  and  to  the  asylum,  Col- 
ton,  and  Riverside,  11,000  volts.  The  average  cost  per  horsepower 
delivered  to  these  towns  from  Mill  Creek  is,  approximately,  $60  per 
annum  for  a  10-hour  day.  When  sold  to  large  consumers  the  price  is 
usually  1  cent  per  hour  per  horsepower  for  20-hour  days.  The  hydraulic 
development  is  of  a  similar  type  of  construction  to  that  of  the  San 
Antonio  Company,  except  that  the  pressure  head  is  greater,  being  510 
feet,  and  the  length  of  the  30-inch  steel  pipe,  10,250  feet.  In  the  case 
of  the  Mill  Creek  plant  the  head  is  developed  through  a  30-inch  steel 
pipe  laid  in  the  bed  of  the  canyon  itself,  from  the  head  works  to  the 
power  house,  the  pipe  having  a  relatively  small  loss  of  head  by  friction. 
Difficulty  bas  been  experienced  in  removing  all  the  silt  from  the  water 
before  it  enters  the  pipe  line,  and  the  silt  deposited  in  the  lower  por- 
tions, until  removed,  reduces  the  efficiency  of  the  line.  The  operation 
of  this  i)lant  has  been  very  successful  from  the  beginning,  and  the  com- 
pany owning  it  is  preparing  to  install  a  similar  plant  on  Mill  Creek 
above  the  present  head  works,  having  bought  the  lands  necessary  for 
this  purpose. 

The  way  pointed  out  by  these  pioneers  has  been  industriously  traveled, 
and  the  later  comers  have  so  improved  methods  of  transmission  that 
work  has  now  begun  on  the  development  of  the  power  possibilities  of 
Santa  Ana  River,  with  the  intention  of  transmitting  the  power  over  a 
line  80  miles  long  to  the  city  of  Los  Angeles.  This  will  be  the  longest 
distance  over  which  electric  i^ow^er  has  been  delivered  under  commercial 
conditions,  and  its  operation  will  be  watched  with  great  interest.  The 
line  voltage  will  be  33,000  volts,  and  the  line  will  run  along  the  tracks 
of  the  Santa  Fe  Railway  the  entire  distance,  being  built  on  the  right- 
of-way  lands  of  this  comi^any.  The  climatic  conditions  of  southern 
California  are  peculiarly  favorable  to  the  operation  of  a  high-voltage 
line,  the  atmosphere  being  very  dry  and  free  from  logs. 

The  hydraulic  x)lans  of  the  Southern  California  Power  Company,  who 
have  the  Santa  Ana  i)roject  under  construction,  i^rovide  for  a  canal  3 J 
miles  long,  following  the  hills  bordering  on  the  river,  consisting  chiefly 
of  tunnels  5.J  feet  by  7  feet  in  section  connected  by  flumes,  and  gradu- 
ally increasing  in  relative  elevation  above  the  river  bed  from  the  intake 
to  a  height  of  750  feet.  This  conduit  is  designed  to  leav^e  the  river 
bed  at  the  mouth  of  Bear  Creek.  At  tbe  lower  end  of  the  conduit  the 
water  will  be  delivered  into  a  steel  pipe  30  inches  in  diameter,  with  a 
length  of  2,200  feet  and  a  fall  of  750  feet.  With  an  average  available 
amount  of  water  of  80  second-feet,  or  4,000  miner's  inches,  this  will 
give  an  electric  output  at  the  station  of  5,367  horsepower.  The  con- 
duit is  to  have  a  present  capacity  of  4,000  miner's  inches  and  an  ulti- 
mate capacity  of  7,000  miner's  inches. 

The  same  general  method  of  power-machinery  construction  will  be 
used  as  in  the  San  Antonio  and  Mill  Creek  plants,  namely,  impulse 
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wheels,  with  rim  buckets  keyed  to  a  shaft  directly  conuected  with  the 
shaft  of  the  electric  generator.  There  will  be  five  1,000-horsepower 
generators  installed.  The  power  will  be  used  in  Pasadena  and  Los 
Angeles  for  the  purpose  of  operating  electric  street  railways  and  light- 
ing plants,  now  using  steam  as  a  motive  power.  The  total  present  use 
of  electric  power  in  Pasadena  and  Los  Angeles  amounts  to  about  8,000 
horsepower  and  is  rapidly  increasing. 

On  May  21,  1897,  the  Southern  California  Power  Company,  awarded 
the  contract  for  the  construction  of  flumes  and  tunnels  in  Santa  Ana 
Canyon.  The  bid  for  the  tunnel  work,  of  which  there  will  be  about 
10,000  feet,  was  $6  per  foot.  The  price  for  flume  work  was  $31  per  thou- 
sand feet  of  timber,  which  will  make  this  part  of  the  contract  amount 
to  about  $90,000.  The  completion  of  the  work  has  been  somewhat 
delayed,  but  it  will  probably  be  finished  by  January  1,  1899. 

MILL  CREEK. 

Mill  Creek  drains  the  area  south  of  the  head  waters  of  Santa  Ana 
River.  The  basin  is  composed  of  crystalline  rocks  with  a  considerable 
soil  covering.  It  is  about  13  miles  in  length  and  3  miles  in  average 
width,  the  total  drainage  area  being  47  square  miles,  as  measured  with 
a  planimeter  on  Beasley's  map  of  San  Bernardino  County,  edition  of 
1892.  It  lies  above  the  point  where  the  stream  crosses  the  west  line 
of  range  1,  the  latter  being  near  the  headworks  of  the  Eedlands  Elec- 
tric Light  and  Power  Company  and  less  than  a  quarter  of  a  mile  east 
of  the  junction  of  the  Yucaipe  and  Mill  Creek  wagon  roads.  The  area, 
as  given  by  the  California  State  engineer,  is  58  square  miles,  but  the 
initial  point  on  the  stream  is  not  stated. 

The  drainage  basin  rises  from  an  elevation  of  3,000  feet  at  the  head 
works  of  the  power  company  to  12,000  feet  on  Grayback  Mountain,  the 
highest  peak  south  of  the  Tehachapaies.  It  has  a  favorable  exposure 
for  rainfall,  and  the  run-off  is  correspondingly  large,  probably  at  least 
as  great  per  square  mile  as  that  from  any  other  basin  of  similar  area  in 
southern  California,  the  flow  being  well  sustained  in  the  summer.  The 
creek  consists  of  a  main  stream  with  short  lateral  tributaries.  The 
valley  is  seldom  more  than  2,000  feet  wide,  being  of  the  nature  of  a 
canyon,  but  it  does  not  narrow  into  the  boxlike  form  usual  in  other 
gorges  of  this  kind.  The  surface,  up  to  an  altitude  of  about  10,000 
feet,  is  covered  with  brush  and  timber.  The  higher  peaks,  San  Ber- 
nardino and  Grayback,  are  almost  bare. 

As  stated  on  a  previous  page,  the  first  ditch  constructed  in  this  val- 
ley took  water  from  Mill  Creek,  heading  above  Crafton  and  receiving 
the  entire  summer  flow.  At  a  later  time,  as  water  rights  increased,  a 
division  was  established  at  what  is  known  as  the  Crafton  divide, 
described  on  a  later  page.  The  flow  during  the  summer  of  1896  may 
be  considered  as  relatively  very  low.    On  August  16,  1896,  a  severe 
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storm,  locally  kuowii  as  a  cloud-burst,  caused  a  temporary  rise  which 
could  not  be  measured.    The  following  table  gives  the  data  available: 

JJischarge  of  Mill  Creek,  San  Bernardino  County,  California. 


[Drainage  area,  47  square  miles.] 


Montn. 

Discharge  in  second-feet. 

Total  in 
acre-feet. 

Run-off. 

Maxi- 
mani. 

Mini- 
mum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1895. 

August   

27.6 

24.0 

24.5 

1,505 

0.  60 

0.  52 

September  

26.5 

19.5 

20.0 

1,  310 

0.52 

.47 

October  

24.5 

17.0 

19.6 

1,  205 

0.  48 

.42 

1896. 

May  

21.4 

9.4 

13.4 

825 

0. 33 

.28 

June  

16.0 

5.1 

10.3 

615 

0.  25 

.22 

July  

16.0 

6. 1 

11.5 

709 

0.  28 

.24 

August  

13.2 

8.7 

11.6 

716 

0.  28 

.25 

September  

15.0 

7.4 

11.5 

687 

0.  27 

.24 

October   

13.1 

9.0 

10.5 

637 

0.  26 

.22 

The  rainfall  for  the  winter  of  1897-98  is  very  low  and  is  the  culmi- 
nation of  a  group  of  five  years,  the  mean  of  which  is  much  below  the 
general  mean  for  southern  California.  The  streams  of  this  section 
during  the  summer  of  1898  have  in  general  been  lower  than  recorded 
heretofore.  This  condition  is  indicated  by  the  rainfall  table  for  San 
Bernardino,  shown  on  page  619.  At  other  rain-gage  stations  than 
San  Bernardino  the  rainfall  for  the  season  of  1896-97  is  either  near  the 
mean  or  slightly  below  it. 

The  following  measuremeuts  of  Mill  Creek  were  made  during  the 
season  of  1898  at  the  Crafton  divide : 


Discharge  of  Mill  Creeh  at  division  box. 


Velocity  per 
second. 

Volume. 

Feet. 

Second-feet. 
15.73 
18.88 
18. 10 
11.82 
13.07 

9.42 
8. 27 

10.  62 

Date. 


1898, 

April  12  

April  29   . . 

June  12  

July  23  

September  S  


Area. 


Square  feet, 
(a) 

(a)  ' 
1.92 
1.43 
1.23 


a  Measured  on  weir. 
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Well  up  ill  the  cauyoii,  at  an  altitude  of  about  3,000  feet,  the  water 
of  Mill  Creek  is  first  diverted  to  the  works  of  the  Eedlands  Electric 
Light  and  Power  Company  by  means  of  a  small  concrete  dam  and  reg- 
ulating gate,  as  described  on  a  preceding  page.  From  the  power  house 
the  water  returns  to  the  original  channel,  where  it  flows  to  the  Crafton 
divide.  This  consists  of  a  cemented  bay  18  feet  long,  from  which  two 
weirs  discharge.  One  weir  is  permanent  and  the  other  is  a  double 
adjustable  gate.  One  of  these  gates  is  made  of  heavy  plank  and  rests 
on  the  bottom  of  the  bay.  This  gate  can  be  raised  and  the  bay  flushed. 
The  second  is  supported  by  and  moves  on  the  upstream  face  of  the 
wooden  gate.  The  wooden  gate  rests  on  the  sill  of  the  bay,  and  the  iron 
gate  by  an  independent  motion  can  be  set  so  as  to  make  the  proper  divi- 
sion of  the  water.  As  is  the  case  with  most  of  the  weirs  of  California, 
this  measurement  is  defective.  The  Crafton  weir,  which  is  permanent, 
is  an  iron  knife-edge,  which  projects  about  1  inch  above  and  is  set  1 
foot  back  in  the  flat  top  of  a  concrete  wall.  The  measuring  edge  of  the 
other  adjustable  weir  is  made  of  an  angle  iron,  which  has  a  vertical  web 
of  2  inches,  and  a  horizontal  web,  extending  upstream,  of  1  inch. 
These  weirs  divide  the  summer  flow  of  Mill  Creek,  the  water  of  which* 
is  worth  at  least  $25,000  per  second-foot  of  continuous  flow. 

The  old  Mill  Creek  zanja  has  been  slower  in  the  transfer  of  rights 
from  the  lower  to  the  higher  lands  than  any  of  the  other  canals  in  the 
valley,  but  its  water  is  being  used  more  and  more  around  Crafton,  and 
probably  before  many  years  the  transfer  will  be  complete. 

CRAFTON  CANAL. 

From  the  divide  described  on  the  preceding  page  the  water  for 
Crafton  is  led  through,  a  lined  canal  to  the  Crafton  reservoir.  By 
agreement  between  the  owners  of  Avater  rights  in  the  Mill  Creek  zanja 
its  waters,  as  before  stated,  were  divided,  so  that  during  certain  hours 
all  of  the  water  is  given  to  the  Crafton  peoi)le.  Under  this  arrange- 
ment nearly  all  of  the  water  flowing  during  the  night  goes  to  Crafton. 
The  reservoir  was  constructed  in  order  to  control  this  supply  more  con- 
veniently. To  form  the  reservoir  a  cutting  was  made  in  the  hillside 
and  an  embankment  constructed  on  the  lower  edge.  The  reservoir 
thus  made  is  faced  with  cement  and  a  rock  lining.  The  usual  method 
of  constructing  such  works  at  Eedlands  is  to  place  on  the  water  face 
cobbles  or  rock  taken  from  the  excavation.  These  are  set  on  edge 
to  form  a  wall  8  inches  thick,  then  rammed  firmly  into  position  and 
the  spaces  filled  with  spalls  and  sand,  water  being  freely  used.  When 
completed,  the  reservoir  is  filled  for  a  week  or  ten  days.  The  water 
is  then  drawn  off  and  the  surface  of  the  rock  lining  is  covered  with 
mortar  made  of  one  part  cement  to  five  of  sand,  put  on  by  a  trowel, 
the  thickness  of  the  coat  being  about  three-fourths  of  an  inch.  When 
the  material  is  furnished  at  the  reservoi]*,  the  cost  of  mixing  and  putting 
it  in  x)lace  is  about  28  cents  per  square  yard. 
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The  capacity  of  this  reservoir  is  about  35,000,000  gallons.  The  supply 
is  increased  by  water  from  Santa  Ana  Eiver,  brought  by  the  Green 
Spot  pipe  line,  which  discharges  into  the  head  of  the  Grafton  canal. 
The  length  of  this  pipe  line  is  3J  miles,  and  its  capacity  is  9.1  second- 
feet,  or  455  miner's  inches.  The  canal  is  4  feet  wide  on  top,  2  feet  wide 
on  the  bottom,  and  2  feet  deep,  a  section  being  shown  in  fig.  192. 

The  following  is  the  most  approved  method  of  building  canals  of  this 
character  evolved  by  local  experience;  The  side  walls  are  laid  first. 
Bowlders  which  weigh  from  50  to  200  pounds  are  used  for  this  purpose. 
They  are  laid  flat  in  a  lime-and-cement  mortar.  The  side  walls  should  be 


3   

Lot^GiTuoiNAc   Section    om  Line  A.B 


Fig.  192. — Plan  and  section  of  canal  and  masonry  sand  box  of  Grafton  Water  Company. 

carried  down  a  foot  or  more  below  the  proposed  floor  of  the  canal.  The 
wall  is  surfaced  with  a  strong  hydraulic-cement  mortar.  The  floor  of 
the  canal  is  made  of  bowlders  of  the  same  size,  set  on  edge  and  chinked. 
Sand  is  then  brushed  over  the  floor  with  brooms  and  all  the  spaces  are 
well  filled.  The  water,  carrying  fine  silt,  by  its  own  action  finishes  the 
work  of  cementing  the  floor  of  the  canal.  It  is  found  that  these  canals 
become  water-tight  and  give  good  service.  The  high  velocities  in  this 
district  cut  oft'  the  cement  plaster  that  may  be  put  on  the  bottom  of 
the  canal.  The  North  Fork  or  Highlands  canal,  built  in  this  manner, 
has  been  in  operation  since  1888  and  carries  30  second-feet,  or  1,500 
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miner's  inches,  of  water.  In  places  it  is  built  on  a  grade  of  16  per  cent 
and  the  velocity  of  the  water  reaches  20  feet  i^er  second. 

The  Grafton  canal  is  said  to  lose  75  miner's  inches  (1.5  second-feet) 
between  Mill  Creek  and  the  Grafton  reservoir,  a  distance  of  2J  miles. 
This  is  doubted,  as  the  weirs  are  too  poor  to  measure  with  any  such 
refinement. 

Fig.  192  also  shows  the  sand  box  on  the  Grafton  line  of  canal.  It  is 
located  about  200  feet  east  of  the  reservoir.  The  effort  has  been  made 
to  so  enlarge  the  section  of  the  sand  box  that  the  water  will  be  reduced 
to  a  velocity  of  0.7  foot  per  second  over  the  sills  of  the  sand  box.  The 
sand  that  has  been  carried  in  suspension  to  this  point  is  dropped  into 
sloping  hoppers,  into  which  the  bay  has  been  divided.  The  tendency 
of  the  sand  is  to  settle  toward  the  center  of  the  bay  or  hopper.  The 
bell-shaped  gate  at  the  vortex  of  the  hopper  drops  vertically  from  its 
position  by  means  of  a  screw  thread  on  its  shaft  at  the  wheel.  The 
weight  of  the  sand  and  water  tends  to  press  the  sand  down  through 
the  opening.  The  water,  in  theory,  first  pushes  the  sand  out  before 
wasting  itself,  but  in  practice  the  slopes  should  be  steeper  than  they 
are  here  to  produce  this  result. 

In  this  case  the  water  has  to  flush  the  sand  through  the  opening. 
An  improvement  could  be  made  in  the  lip  of  the  bell.  A  small  gravel 
or  stick  may  lodge  in  this  curved  lip,  and  it  is  then  extremely  difficult 
to  remove  the  obstacle  or  to  close  the  gate.  It  would  be  better  if  the 
lip,  instead  of  being  turned  up,  were  made  flat,  so  as  to  permit  the 
sticks  and  gravel  to  slide  off  the  shoulder  easily.  The  ideal  location 
for  a  sand  box  is  on  a  trestle  i^assing  over  some  cross-drainage  line. 
In  this  event  a  deep  box  can  be  located  with  the  sides  nearly  vertical, 
which  permits  the  silt  to  be  pushed  or  flushed  out  with  greater  rapidity. 

In  a  sand  box  of  the  type  on  the  Santa  Ana  canal,  where  the  slopes 
of  the  floor  of  the  sand  hopper  are  1  on  4  and  the  sides  2  on  3,  with 
heads  of  20  second  feet,  the  sand  has  to  be  shoveled  into  the  opening, 
as  the  water  does  not  acquire  enough  power  to  flush  quickly  the  sand 
through  the  openings.  The  openings  would  have  been  better  adapted 
to  their  purpose  if  they  had  been  2J  feet,  instead  of  IJ,  in  diameter. 

The  Grafton  Water  Gompany  owns  the  Grafton  canal  and  reservoir 
as  well  as  the  distributing-pii)e  systems  to  the  Kedlands  Heights  and 
Ganyon  Grest  Park.  The  operation  of  this  company  is  the  outgrowth 
of  local  custom  and  methods,  and  is  in  most  respects  similar  to  the 
other  local  water  companies  of  the  valley,  such  as  the  Korth  Fork, 
Redlands  Heights,  Drew,  and  others.  Its  capital  stock  of  $^>50,000  is 
divided  into  3,500  shares  of  the  par  value  of  $100  per  share.  Its  prop- 
erty consists  of  water  rights,  reservoirs,  canals,  conduits,  and  system 
for  the  develoi^ment,  storage,  and  distribution  of  water. 

The  following  condensed  extracts  from  the  constitution  of  the  com- 
pany illustrate  the  customs  referred  to  above: 

The  unissued  stock  of  this  company  may  be  issued  to  any  person  deemed  fit  by  the 
board  of  directors  to  become  a  stockliolder,  upon  condition  that  the  title  to  a  certain 
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quantity  of  water  and  the  exclusive  use  thereof,  delivered  into  the  Grafton  supply- 
canal  or  into  the  Crafton  reservoir,  be  first  conveyed  to  this  corporation.  That  in 
such  transaction  stock  shall  be  estimated  as  follows :  For  one  hour's  flow  of  the 
Mill  Greek  zanja  once  in  every  seven  days  and  $250  in  money,  25  shares  of  such 
stock  may  be  issued,  and  in  the  same  rates  for  a  longer  or  shorter  flow,  from  whatever 
source;  and  for  one  hour's  full  flow  of  said  stream  once  every  ten  days  and  $175  in 
money,  17^  shares  of  such  stock  may  be  issued,  and  in  the  same  rates  for  a  longer  or 
shorter  flow,  from  whatever  source :  Provided,  That  when  water  be  acquired  from  any 
other  source  than  Mill  Greek,  each  share  of  stock  shall  be  estimated  to  equal  at  least 
one-seventh  of  a  miner's  inch.  And  no  stock  shall  be  issued  for  money  other  than 
as  above  provided. 

Any  stockholder  is  entitled  to  have  water  from  the  reservoir  and  water  system 
delivered  through  hydrants  on  the  highest  point  of  his  land  by  paying  to  the  com- 
pany the  proper  proportion  of  the  expense  of  finishing  the  distributing  canal  to  a 
point  where  the  wate^  leaves  the  canal,  and  his  proportional  part  of  the  expense  of 
laying  cement  or  vitrified  pipe  to  his  land;  also  for  his  hydrant. 

Any  stockholder  owning  land  that  can  be  more  cheaply  irrigated  from  the  supply 
canal  may  have  water  from  it  by  paying  his  proportional  expense  of  making  or  lay- 
ing cement  or  vitrified  pipe  from  the  canal.  The  ratio  of  the  expense  of  the  cement 
or  vitrified  pipes  shall  be  divided  among  stockholders  as  follows:  The  land  nearest 
the  zanje,  canal,  or  ditch  from  which  the  pipe  leads  shall  pay  the  least,  and  the  land 
farthest  from  the  same,  measured  by  the  route  of  the  pipe  conducting  the  water  to 
the  land  in  (|uestion,  shall  pay  the  most,  and  each  intermediate  lot  of  land  shall  pay 
in  proportion  to  the  length  of  pipe  necessary  to  reach  it,  no  stockholder  paying  for 
the  pipe  beyond  his  hydrant.  In  distribution  of  water  to  consumers  the  whole 
quantity  of  water  which  is  subject  to  and  may  be  delivered  through  the  water  sys- 
tem of  the  company  at  the  time  of  the  distribution  shall  be  considered  as  consisting 
of  as  many  equal  parts  as  there  are  shares  of  capital  stock  actually  issued.  The 
person  owning  any  of  these  shares,  upon  proper  demand  or  notice,  shall  be  entitled 
to  have  delivered  to  him  such  quantity  of  water  as  his  stock  then  represents. 

After  the  completion  of  the  pipes  running  to  any  of  the  lots  the  pipes  become  the 
property  of  the  company  and  are  maintained  by  it,  except  When  injured  by  the  fault 
of  the  stockholder. 

The  board  of  directors  of  this  company  may  acquire  title  to  water  for  the  stock- 
holders and  consumers  by  purchase  for  a  money  consideration  on  such  terms  as  may 
be  deemed  reasonable.  For  such  purpose  they  may  issue  such  obligations  of  this 
company  as  may  be  necessary,  provided  that  the  water  be  delivered  into  the  Grafton 
supply  or  distributing  canal  or  reservoir.  All  the  water  and  water  rights  controlled 
by  this  company  are  to  be  used  and  distributed  exclusively  to  its  stockholders,  as 
they  may  require,  and  only  upon  lands  under  the  system. 

FLOATING  DIVISION  WEIR. 

The  division  of  the  water  among  irrigators  is  usually  made  over  weirs. 
A  masonry  box  of  size  varying  with  the  requirements  in  the  case  is 
connected  with  the  main  canal  by  means  of  a  pipe.  The  water  stands 
at  a  head  in  the  box  varying  with  the  height  of  water  in  the  main  canal 
and  the  regulation  of  an  intervening  gate.  From  this  box  the  water 
flows  over  a  weir  to  the  consumer,  the  quantity  varying  with  the  con- 
ditions in  the  main  canal.  In  this  connection  an  apparatus  for  the 
delivery  of  any  constant  amount  of  water  has  been  invented  and  pat- 
ented by  Mr.  W.  T.  Lambie,  of  Los  Angeles.  Fig.  193  on  page  557 
illustrates  the  workings  of  this  machine,  which  is  adapted  to  measure 
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water  by  uniform  flow  from  lakes,  reservoirs,  rivers,  clitclies,  etc.,  for 
irrigation  or  other  i^urposes,  under  all  conditions  of  fluctuation  of  the 
surface  of  the  supplying  body  of  water. 

This  machine  is  simple  in  form,  cheaply  constructed,  and  can  be 
manufactured  of  wood  or  metal,  or  of  both  in  combination.  It  can  be 
used  on  ground  having  but  little  fall,  and  can  be  made  for  any 
floWj  from  a  fraction  of  a  miner's 
inch  to  10,000  miner's  inches,  or 
more.  The  machine  can  be  gaged 
for  the  flow  desired  and  the  top 
of  the  cistern  or  box  closed  and 
locked  to  prevent  it  from  molesta- 
tion. Machines  have  been  placed 
with  capacities  varying  from  1  to 
1,000  miner's  inches  and  their  uni- 
formly satisfactory  working  for  any 
size  has  been  demonstrated. 

The  first  machine  placed  was  on 
the  water  development  at  Titus 
ranch,  near  San  Gabriel,  Los  An- 
geles County,  California,  and  seg- 
regates 6  inches  from  a  30-inch 
development,  while  6  inches  con- 
stant flow  is  set  aside  to  the  East 
San  Gabriel  Hotel  property.  It 
was  placed  in  Ai)ril,  1894,  has  been 
in  constant  operation  since,  and 
has  given  entire  satisfaction. 

The  largest  machine  yet  built 
was  located  on  the  Laguna  rancho, 
on  the  south  boundary  of  Los  An- 
geles city,  by  order  from  the  coun- 
cil of  that  city,  on  a  large  zanja  or 
ditch.  Its  capacity  was  1,000 
miner's  inches  (20  second-feet)^  and 
it  has  the  indorsement  of  the  city 
engineer  and  other  city  officials. 

The  device  has  the  advantages 
of  simplicity,  compactness,  and  accura(;y.  Its  efficiency  has  been 
demonstrated  by  five  years'  service.  Other  devices  of  this  nature 
have  been  made  with  a  bellows  attachment  at  the  bottom  of  the  canal, 
to  avoid  the  i^ossibility  of  any  catching  that  there  may  be  in  the  slid- 
ing up  and  down  of  the  movable  pipe.  Tiie  objection  to  the  bellows 
lies  in  the  fact  that  silt  deposits  in  the  folds  and  makes  the  weighting 
of  the  floats  uncertain. 


Fig.  193. — Section  of  floating  weir.  F,  floats  for 
supporting  movable  receiving  pipe  F;  X, 
weights  placed  in  floats  to  submerge  same  to 
the  necessary  depth,  as  per  scale  S  (any  heavy 
substance,  such  as  stone,  bricks,  or  iron,  having 
flat  sides,  so  that  they  will  stay  where  placed, 
may  be  used) ;  S,  graduated  scale  on  side  of 
floats,  showing  lines  to  which  the  floats  should 
be  submerged  to  measure  the  quantity  of  water 
required  over  the  weirs ;  TT,  weirs,  over  which 
the  water  falls  into  the  receiving  pipe  F;  F, 
the  movable  pipe  down  which  the  water  falls 
after  i)assing  over  the  weirs ;  (7,  the  stationary 
pipe  into  which  the  movable  pipe  P  telescopes 
at  the  bottom  of  cistern  or  box  (P  slides  through 
a  close-fitting  collar  which  prevents  the  escape 
of  any  appreciable  quantity  of  water,  the  joint 
being  such  as  to  work  without  sufficient  fric- 
tion to  interfere  with  the  free  movement  of 
F) ;  D,  the  discharge  pipe  (not  necessary  except 
to  save  excavation  where  outlet  is  deep  owing 
to  length  of  pipe  F  where  fluctuation  of  water 
level  is  great). 
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ORCHARD  LATERALS. 

From  the  Grafton  reservoir^  shown  in  PI.  LVI,  the  distribution  is 
made  in  cement-lined  ditches  to  the  various  orchards.  These  conduits 
are  made  of  either  small  or  split  bowlders.  This  character  of  work  is 
carried  down  to  the  individual  irrigator,  where  the  capacity  of  the 
little  ditch  is  not  over  25  miner's  inches,  or  one-half  of  a  second-foot. 
This  latter  ditch  is  made  of  split  pieces  of  bowlder  set  on  edge  for  the 
sides,  and  laid  flat  for  the  bottom,  in  cement  mortar,  and  having  small 
galvanized-iron  slides  over  openings  about  1  inch  square  at  intervals  of 
from  2  to  7  feet,  the  slides  being  about  1^  inches  wide  by  3  inches  long. 
The  guides  for  these  slides  are  folded  strips  of  zinc  set  in  cement. 

There  are  several  other  types  of  small  orchard  irrigating  flumes.  On 
the  flat  slopes  the  square  board  flume  is  quite  i^opular.  Ifc  is  made  of 
IJ-inch  lumber,  and  is  usually  about  8  inches  square  inside.  Two  joints 
in  the  bottom  of  the  square  flume  afford  twice  the  opportunity  for 
leaking  that  there  is  in  the  V-shaiied  flume,  which  is  made  of  two 


Fig.  194. — Sections  of  Duarte  gate  and  orchard  pipe. 


boards  Avith  one  joint.  On  hillsides,  where  the  erosion  from  the  leak 
is  great,  this  is  a  matter  of  considerable  importance.  On  steep  slopes 
the  flume  should  be  set  uj)  a  few  inches  above  the  ground  so  that  the 
water  from  any  leak  can  be  controlled. 

There  is  a  terra-cotta  flume  made  which  possesses  some  desirable 
features,  but  which  is  not  yet  generally  used.  It  is  about  8  inches 
square  in  the  clear.  The  early  patterns  did  not  have  bell  joints,  as  in 
the  case  of  sewer  pipes,  and  for  this  reason  did  not  give  satisf^^ction. 
Later  x^atterns  have  remedied  this  defect.  The  sections  are  2  feet  long, 
and  in  the  center  of  each  section,  on  one  side  and  next  to  the  bottom, 
is  the  regulation  opening  of  1  square  inch,  with  a  terra-cotta  spout  5 
inches  long  projecting  from  it.  In  the  center  and  opposite  this  spout, 
in  the  top,  is  a  round  hole  large  enough  to  admit  the  hand  into  the 
flume,  so  that  a  small  block  of  wood  may  be  adjusted  against  a  shoulder 
just  below  the  si)out  to  produce  a  better  flow,  and  any  obstacles  may 
be  removed  from  the  spouts. 

The  form  of  distribution  almost  universally  used  in  the  Duarte 
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district  is  shown  in  fig.  194.  The  pipes  are  made  of  sand  and  cement. 
They  are  usually  8  inches  in  diameter.  The  pipe  is  so  laid  as  to  com- 
mand the  orchard  by  gravity,  and  is  placed  about  2  feet  below  the 
surface  of  the  ground.  Each  of  the  standpipes  shown  is  in  the  nature 
of  a  safety  valve  to  relieve  the  excess  of  i^ressure.  The  top  of  the 
standpipe  is  about  1  foot  above  the  surface  of  the  ground.  There  is  a 
small  gate  that  works  vertically  in  guides  in  the  standpipe,  so  adjusted 
that  the  desired  amouut  of  water  is  made  to  flow  in  artesian  style  over 
the  top  of  the  vertical  pipe.  A  standpipe  is  provided  for  each  row  of 
trees,  and  from  it  water  is  led  in  furrows  as  desired.  The  Duarte  people 
claim  that  they  have  little  or  no  trouble  with  roots  getting  into  the 
pipes. 

In  the  Grafton  and  Redlands  country  the  cement  pipe  is  held  to 
be  very  unsatisfactory  because  the  roots  fill  the  pipe  and  because  the 
small  amount  of  silt  carried  by  the  water  has  often,  in  their  two  or 
three  years'  use,  cut  the  bottom  out  of  the  pipes,  leaving  the  si<les  and 
top  a  shell.  Speaking  generally,  cement  pipes,  especially  of  small  diam- 
eter, are  considered  a  failure. 

The  system  of  subirrigation  has  been  entirely  abandoned.  This 
consisted  of  the  delivery  of  water  under  pressure  in  iron  pipes  under- 
ground to  the  root  of  each  tree  The  method  of  delivering  water  under 
pressure  to  each  tree  on  the  surface  of  the  ground  has  also  been  aban- 
doned, except  on  terraces,  and  systems  of  these  types  have  largely  been 
torn  out  and  replaced  by  the  ordinary  surface  flume.  The  objection 
was  that  the  irrigator  desired  to  see  his  water  and  the  division  of  it. 
The  pipes  also  became  clogged  and  delivered  varying  amounts  of  water, 
and  were  difficult  to  clean. 

APPLICATION  OF  WATER. 

In  this  valley,  where  only  orchards  and  gardens  are  irrigated,  the 
method  of  actual  distribution  of  water  over  the  surface  of  the  ground 
is  chiefly  by  furrows.  These  furrows  are  run  as  the  slope  of  the  ground 
directs,  a  grade  of  0.4  foot  to  100  feet,  or  0.4  per  cent,  being  satisfactory. 
They  are  from  3  to  6  inches  deep  and  are  run  from  2  to  5  feet  apart,  the 
entire  orchard  being  commanded  in  this  way.  Each  ditch  is  supplied 
from  one  of  the  small  openings  in  the  distributing  flume  with  from  0.1 
to  0.25  miner's  inch  of  water.  The  little  stream  slowly  flows  and 
percolates  across  the  tract,  taking  in  some  instances  one  or  two  days 
to  cross  a  10-acre  tract.  The  fact  that  the  upi)er  side  of  the  tract 
comes  in  contact  with  the  more  water  is  compensated  largely  by  the 
general  tendency  of  the  water  to  move  downhill  through  the  soil. 
Little  trouble  is  experienced  from  this  source.  The  result  of  the 
method  is  the  uniform  soaking  of  the  soil. 

After  the  irrigation,  as  soon  as  the  ground  is  sufficiently  dry,  the 
entire  field  is  plowed,  preventing  or  breaking  up  the  caking  or  baking 
of  the  soil  and  stopping  weed  growth.    This  method  in  its  general 
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result  resembles  the  action  of  rain,  as  the  distribution  is  general  and 
slow  over  the  entire  surface.  The  result  of  the  general  distribution  of 
the  moisture  is  to  draw  out  the  roots  of  the  trees  in  all  directions  in 
their  search  for  water,  which  gives  them  an  extended  feeding  area  for 
other  purposes.  In  the  case  of  irrigating  in  basins  around  the  trees, 
or  with  only  two  furrows  next  to  the  trees,  the  reverse  effect  on  the 
roots  would  follow  and  diminished  quantity  or  quality  of  fruit  would 
result. 

Irrigation  by  the  check  method  is  little  practiced  here,  as  the  slopes 
are  so  steep  that  the  checks  would  have  to  be  either  so  large  or  so 
numerous  as  to  interfere  with  the  cultivation  of  the  soil.  The  check 
method  requires  the  flooding  of  the  ground  with  water  several  inches 
in  depth,  which  shuts  off  for  the  time  both  light  and  heat.  Irrigation 
by  checks  is  largely  practiced  with  grain  and  alfalfa  in  San  Joaquin 
Valley,  and  is  doubtless  the  cheapest  way  of  irrigating  these  crops, 
but  they  are  not  so  grown  in  this  valley. 

PI.  LYII  shows  one  method  of  irrigation  on  a  sidehill  or  slope.  In 
this  case  checks  are  thrown  up,  forming  basins  into  which  the  water  is 
discharged  and  permitted  to  settle  into  the  ground.  Another  method 
of  irrigation  on  the  sidehill  is  to  run  furrows  with  a  plow  on  grade 
contours,  the  water  then  being  handled  as  in  the  ordinary  method  of 
furrow  irrigation.  The  furrow  method  is  the  one  generally  adopted  in 
the  San  Bernardino  Valley  as  the  most  satisfactory.  Either  way  gives 
a  high  efficiency  to  the  water  used. 

PI.  LVIII  shows  an  orchard  lateral,  such  as  is  frequently  used  in 
southern  California  in  the  distribution  of  water  to  the  orchards,  and 
illustrates  the  detailed  care  with  which  the  irrigators  handle  this  valu- 
able and  scarce  commodity.  Small  openings  may  be  noticed  in  the 
lower  right-hand  side  of  the  conduit  through  which  the  water  passes  to 
the  furrows.  These  openings  are  regulated  by  means  of  small  zinc 
slide  gates  which  are  worked  vertically  in  small  metal  grooves.  At 
intervals  of  about  50  feet  checks  are  put  in  the  canal  to  still  the  water 
and  to  increase  the  head  over  the  openings.  A  com^Darison  with  PI. 
LV,  showing  the  ordinary  method  of  irrigation  by  flooding,  will  illus- 
trate the  relative  care  with  which  water  is  used  in  southern  California. 

REDLANDS  HEIGHTS. 

The  waters  from  Mill  Creek  supply  the  higher  lands  of  San  Bernar- 
dino Valley  on  the  southern  side.  From  the  end  of  the  Crafton  main 
a  16-inch  cement  pipe  extends  2  miles  to  Redlands  Heights,  thence  a 
6-inch  pipe  extends  2  miles  farther  to  command  Smiley  Heights,  or 
Canyon  Crest  Park.  These  pipes,  with  several  miles  of  laterals,  con- 
stitute the  Kedlands  Heights  system,  which  is  owned  by  the  Crafton 
Water  Company. 

Two  methods  of  applying  water  are  practiced  here.  By  one  the  hill 
is  terraced,  as  shown  in  PI.  LIX.    In  this  method  a  slight  excess  in 
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elevation  is  given  to  the  outside  bank  to  prevent  washing,  and  the 
water  is  then  handled  in  the  furrow  manner  on  the  benches.  Another 
and  cheaper  method  is  to  run  the  furrows  on  the  grade  contours  without 
terracing,  using  much  care  to  prevent  breaks  and  washes,  but  this  is 
usually  unsatisfactory.  The  landscape  effect  of  these  hillside  orchards 
is  very  beautiful,  and  terrace  irrigation  is  practiced  by  many  wealthy 
fruit  growers  and  gardeners,  of  whom  there  are  a  considerable  number 
in  the  valley.  This  feature  lends  a  peculiar  charm  to  Orafton  and 
Redlands. 

The  soil  of  the  southern  slope  of  the  valley  is  of  red-clay  loam,  mixed 
somewhat  with  disintegrated  granite  crystals.  It  does  not  require  as 
much  water  as  the  more  sandy  soils  and  gravels,  but  much  more  skill 
in  the  application  to  the  land.  The  duty  of  water  for  citrus  fruits 
ranges  from  4  to  7  acres  per  miner's  inch  for  this  locality.  One  inch  to 
4  acres  is  regarded  by  experienced  growers  as  the  best  amount  for  well- 
developed  citrus  orchard.  It  is  generally  thought  that  the  deciduous 
fruits  require  about  one-half  as  much  water. 

The  flow  of  water  is  considered  as  continuous  from  five  to  seven 
months  each  year,  beginning  with  February  or  April.  The  rainy  sea- 
son in  California  extends  generally  from  November  to  A])ril,  and  this 
limits  the  duration  of  the  irrigating  season. 

CANYON  CREST  PARK. 

Canyon  Crest  Park,  having  an  area  of  200  acres,  lies  on  the  hills 
southwest  of  Redlands,  with  its  slope  on  the  south  breaking  off  to  San 
Timoteo  Canyon.  Ten  years  ago  Messrs.  A.  K.  and  A.  H.  Smiley 
bought  this  land  and  succeeded  in  obtaining  water  from  the  Crafton 
Water  Comi)any,  storing  it  in  reservoirs.  There  are  several  miles  of 
pipe  line  in  the  park,  and  the  water  is  delivered  under  pressure  through 
small  hydrants. 

The  grounds  are  terraced  and  planted  to  orchards  of  oranges,  lemons, 
and  olives.  There  are  one  thousand  varieties  of  trees  and  shrubs. 
Miles  of  winding  drives  are  laid  out  on  the  hills.  The  walks,  drives, 
and  canyons  are  planted  with  rare  trees  and  beautiful  flowers.  The 
outlook  from  these  hills  commands  San  Bernardino  Valley,  with  ranges 
of  snow-covered  mountains  serving  as  a  background. 

Where  a  decade  ago  sheep  could  scarcely  feed  there  is  now  one  of 
the  most  beautiful  parks  in  the  world,  the  delight  of  hundreds  of  tour- 
ists and  the  pride  of  southern  California. 

MENTONE  WATER  DEVELOPMENTS. 

Mentone  is  situated  in  the  eastern  end  of  the  valley,  northerly  from 
Crafton  and  easterly  from  Redlands.  The  source  of  supply  is  Mill  Creek, 
the  rights  being  secondary  to  those  of  the  owners  of  water  from  the  Mill 
Creek  zanja.  A  description  of  the  works  of  the  Mentone  Irrigation 
Company  has  been  furnished  by  James  D.  Schuyler,  consulting  engineer, 
19  OEOL,  PT  4  36 
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permission  having  been  obtained  to  make  this  use  of  his  report  to  the 
directors  of  the  company. 

The  lands  along  Mill  Greek  consist  of  a  broad  gravel  dump,  or  wash, 
from  500  to  2,000  feet  wide,  over  which  the  stream  meanders  at  flood 
time  in  channels  from  15  to  20  feet  below  the  level  of  the  banks.  The 
zanja,  built  by  the  mission  fathers  about  the  year  1820,  has  customarily 
taken  the  entire  surface  flow  of  the  stream  during  the  summer  stage, 
but  the  winter  flood  flow  has  always  passed  down  through  the  main 
wash,  on  the  lands  now  owned  by  the  Mentone  Irrigation  Company, 
to  where  it  is  united  to  Santa  Ana  River.  This  yearly  flushing  of 
the  gravel  beds  of  the  stream  replenishes  the  natural  reservoir  of  the 
broad,  rocky  "wash,"  and  the  level  of  the  subsurface  of  the  water  table, 
drawn  down  by  slow  drainage  through  the  summer,  is  restored  in  winter. 
This  underflow  is  partially  thrown  to  the  surface  in  some  places,  and  at 
two  points  some  development  work  has  been  done  in  the  way  of  tunnel- 
ing and  open  trenching,  by  which  means  the  present  water  supply  has 
been  obtained. 

The  points  selected  for  this  work  were  where  the  living  springs 
appeared  on  the  surface.  The  upper  one  of  these  is  on  sec.  22,  T.  1  S., 
R.  2  W.,  adjacent  to  the  lands  of  Mrs.  M.  A.  Brown.  Immediately 
below  these  springs  there  is  a  bold  outcrop  of  granite  on  the  north  side 
of  the  creek,  forming  an  abrupt  bluff,  which  seems  to  force  a  part  of  the 
subsurface  water  to  the  top  of  the  ground.  Apparently  this  water  comes 
from  the  mountain  drainage  immediately  adjoining  and  finds  its  way 
into  the  gravel  beds  underlying  the  bench  land  (which  is  parallel  with 
and  15  to  20  feet  higher  than  the  stream),  as  well  as  in  part,  no  doubt, 
from  the  creek  itself.  Here  the  work  for  the  development  of  water  was 
commenced  by  the  Excelsior  Company  about  the  year  1884,  which  com- 
pany afterwards  sold  to  the  Mentone  Company. 

In  1885  and  1886  Mrs.  Brown  cut  some  drain  ditches  in  the  cienaga 
and  drove  a  tunnel  that  is  said  to  have  been  1,100  feet  long,  in  a  direc- 
tion almost  parallel  to  the  south  line  of  her  property,  and  but  50  feet 
distant  from  it,  resulting,  it  is  stated  by  her  son,  in  a  flow  of  135 
miner's  inches  from  the  mouth  of  the  tunnel.  At  the  present  time 
there  is  nothing  to  be  seen  of  the  tunnel,  as  its  mouth  has  become 
choked,  the  approach  wholly  or  partially  filled,  and  there  is  practically 
no  water  issuing  from  it.  This  choking  has  no  doubt  been  caused 
by  willow  roots  that  have  penetrated  to  the  water  and  formed  a  mat- 
tress in  the  tunnel  and  so  filled  the  entire  tunnel  that  no  water  of  any 
moment  can  pass. 

The  predecessor  of  the  Mentone  Irrigation  Company  at  the  begin- 
ning of  its  operations  first  constructed  a  ditch,  called  Excelsior  ditch, 
with  a  capacity  of  700  miner's  inches,  and  diverted  water  from  various 
springs  on  and  adjacent  to  the  land  owned  by  Mrs.  Brown  out  across 
the  wash  onto  the  mesa  and  thence  toward  Mentone.  This  was  the 
first  appropriation  of  the  water  of  these  springs.  This  ditch  was  super- 
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seded  shortly  after  its  construction  by  a  sbeet-steel  pipe,  10 J  inches 
in  diameter,  which  began  a  few  hundred  feet  below  the  head  of  the 
ditch^  at  the  mouth  of  the  development  tunnel  that  was  started  in 
the  gravelly  bed  of  the  wash,  and  was  driven  in  an  easterly  direction 
nearly  j^arallel  with  the  north  line  of  the  property  and  about  100  feet 
south  of  the  line;  and  the  water  from  the  tunnel,  as  well  as  that 
brought  from  the  surface  ditch  directly  from  the  springs,  was  taken 
into  the  pipe  at  this  point. 

This  tunnel,  starting  1,150  to  1,200  feet  west  of  the  mouth  of  Mrs. 
Brown's  tunnel  and  about  50  feet  lower  in  elevation,  has  been  driven  a 
total  distance  of  950  feet,  including  about  120  feet  of  open  cut.  The 
last  400  feet  of  the  tunnel  were  driven  in  the  summer  of  1894.  A  cross- 
cut of  about  100  feet,  which  was  run  over  to  the  north  line  of  the 
property,  encountered  bed  rock  on  the  way  and  went  into  it  for  some 
distance,  but  without  material  increase  in  the  tiow.  This  is  explained 
by  the  fact  that  the  principal  part  of  the  water  comes  from  the  south 
and  east,  as  is  demonstrated  at  the  last  shaft,  about  100  feet  east  of  the 
crosscut,  where,  by  looking  down  the  open  shaft,  which  is  placed  just 
to  the  south  of  the  tunnel  and  not  directly  over  it,  a  strong  stream 
is  plainly  to  be  seen  from  the  surface,  flowing  across  northward  into  the 
tunnel.  The  total  amount  of  water  flowing  from  the  mouth  of  the  tun- 
nel October  30  was  carefully  measured  over  a  weir  placed  in  a  sand  box 
at  the  head  of  the  pipe  line,  and  was  found  to  be  123.15  miner's  inches, 
or  8.5  miner's  inches  per  linear  foot  of  excavation.  The  lOJ-inch  pipe 
before  mentioned  extends  along  the  wash  of  Mill  Greek  to  the  south 
bank,  a  distance  of  800  feet,  where  its  highest  point  is  but  7.2  feet 
lower  than  its  head,  which  limits  its  capacity  to  120  miner's  inches. 
At  890  feet  from  the  head  it  is  reduced  to  6  inches  in  diameter  for 
300  feet  to  the  division  box,  where  part  of  the  supply  is  carried  in  a 
6-inch  pipe  across  the  wash  again  to  the  "bench"  on  the  north  side  of 
Mill  Creek,  supplying  about  135  acres  of  orchard  lands  lying  from  200 
to  250  feet  lower  than  the  tunnel.  From  the  division  box  a  flume  12 
inches  square  formerly  extended  all  the  way  down  the  slope  to  Men  tone, 
but  a  few  years  ago  about  one-half  mile  of  this  flume  was  accidentally 
burned  and  later  replaced  by  a  6-inch  cement  pipe.  The  capacity  of 
the  flume  on  the  grade  it  has,  when  tight,  in  good  order,  and  full,  is 
about  325  miner's  inches.  The  north  flume,  from  the  lower  development 
at  the  German  Springs,  joins  the  upper  flume  about  a  mile  below  the 
tunnel.  The  lower  development,  at  what  is  known  as  German  Springs, 
about  3,800  feet  below  the  mouth  of  the  tunnel,  has  been  made  in  the 
way  of  a  crosscut,  following  the  bed  rock  part  of  the  way  across 
the  stream  channel,  which  is  here  about  500  feet  wide. 

This  has  been  done  as  an  open  cut,  10  to  15  feet  deep,  which  has  been 
lined  with  a  flume  and  partly  refilled;  but  it  is  evident  that  willow 
roots,  which  have  been  so  disastrous  elsewhere,  have  here  filled  the  cut 
and  flume  to  such  an  extent  that  but  little  water  gets  through,  and 
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most  of  that  found  comes  from  tbe  surface  flow  of  the  springs  and 
froD3  a  ditch  leading  from  an  independent  spring  about  300  feet 
higher  up  the  creek  on  the  north  side.  This  latter  source  measured 
9.13  miner's  inches,  and  the  total,  including  that  from  the  crosscut  and 
the  German  Springs,  was  found  to  be  30  miners  inches.  The  entire 
measured  supply, on  October  30,  1896,  may  be  recapitulated  as  follows: 
From  the  ditch  north  of  the  mouth  of  the  tunnel,  known  as. part  of 
Excelsior  ditch,  48.27  miner's  inches;  Mentone  Water  Company's  tun 
nel,  123.15  miner's  inches ;  Triangle  Springs,  9.13  miner's  inches;  Ger- 
man Springs,  north  of  flume,  20.78  miner's  inches;  total,  201.33  miner's 
inches.    Tbe  discharge  is  now  greatly  reduced. 

The  flume  leading  from  the  German  Springs  to  a  junction  with  the 
main  flume,  1,920  feet  below,  is  24  inches  in  width  for  533  feet  and  16 
inches  the  rest  of  the  way,  and  is  12  inches  in  depth.  At  the  head, 
where  it  has  a  grade  of  1  per  cent,  it  originally  had  a  capacity  of  about 
650  miner's  inches.  About  400  feet  of  the  16  inch  flume  is  on  a  1  per 
cent  grade  and  has  a  capacity  of  385  inches;  the  remainder  is  on  a  2 
per  cent  grade  and  has  a  maximum  capacity  of  550  inches.  During 
the  course  of  his  investigations  Mr.  Schuyler  took  occasion  to  measure 
the  Mill  Creek  zanja.  At  the  crossing  of  the  Bear  Valley  upper  canal 
the  measurement  showed  a  flow  of  approximately  1,130  inches.  Half 
a  mile  higher  up,  at  the  head  of  the  zanja,  the  river  carried  about  as 
much  above  the  foot  of  the  power  company's  race  way  as  that  conduit 
was  delivering,  which  was  found  to  be  640  miner's  inches,  as  measured 
over  the  permanent  weir  at  that  point.  No  exact  measurement  could 
be  made  of  this  quantity  without  going  to  the  expense  and  trouble  of 
putting  in  a  weir  in  the  stream  above  the  junction  of  the  power  race 
way;  this  was  not  done,  but  judging  by  the  eye  there  was  very  little 
difference  in  the  two  streams,  which  would  make  the  total  stream  flow 
when  united  about  1,240  miner's  inches. 

While  this  is  usually  all  appropriated  and  used,  one  has  the  right  to 
the  underflow  of  the  stream,  which  is,  to  be  sure,  an  indefinite  quan- 
tity, impossible  of  estimation,  but  nevertheless  a  resource  whose  possi- 
bilities and  probabilities  are  great  and  well  worth  exploiting.  Mill 
Creek,  as  before  stated,  has  a  watershed  area  of  58  square  miles  of 
such  character  that  the  mean  run -off  may  be  safely  estimated  at  50 
per  cent  of  48  inches  precipitation,  which  would  be  equivalent  to  74,000 
acre-feet,  or  sufficient  to  supply  25,000  acres  with  a  perpetual  flow  of  1 
miner's  inch  to  5  acres.  Unfortunately  much  of  this  goes  to  waste  during 
floods,  and  as  there  is  no  opportunity  for  impounding  it,  and  no  good 
storage  reservoir  sites  available  on  the  stream,  the  only  portion  that 
can  be  utilized  is  that  which  is  naturally  stored  in  the  great  gravel 
beds  in  and  below  the  canyon.  The  rate  of  flow  through  gravel  mixed 
with  sand  is  exceedingly  slow,  varying  from  1  to  10  miles  per  annum, 
and  for  this  reason  a  gravel-bed  reservoir,  even  though  it  be  on  a  steep 
gradef  only  needs  to  be  of  sufficient  area,  depth,  and  extent  to  afford 
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large  streams  of  water  when  tapped  at  a  considerable  depth  by  a  tunnel. 
San  Antonio  Greek,  in  the  western  part  of  San  Bernardino  County, 
affords  a  very  encouraging  example  of  this  sort  of  water-supply  devel- 
opment. The  various  tunnels  and  artesian  wells  between  Pomona  and 
the  mountains  north  of  it  are  fed  directly  by  the  underflow  of  San 
Antonio  Greek  and  must  amount  in  aggregate  to  over  1,500  miner's 
inches,  notwithstanding  the  fact  that  the  watershed  of  the  creek  is  25 
square  miles,  which  is  less  than  half  that  of  Mill  Greek. 

The  gravel  dump  may  be  very  much  wider  and  deeper  and  of  greater 
area  than  that  of  Mill  Greek,  and  it  may  be  restrained  from  draining 
away  as  quickly  by  special  conditions  that  do  not  prevail  on  Mill 
Greek,  but  there  is  enough  similarity  to  permit  analogous  deductions 
and  to  encourage  the  belief  that  there  is  considerable  water  to  be 
drawn  from  these  gravel  beds  if  properly  treated. 

The  total  land  for  which  water  rights  have  been  sold  is,  approxi- 
mately, 413  acres,  exclusive  of  the  360  acres  within  the  limits  of  the 
town  site  of  Mentone.  Messrs.  Mcintosh,  Marlette  &  Dood  own  1,300 
acres  additional,  of  which  520  acres  are  in  the  gravel  wash  of  Mill 
Greek  and  will  never  be  irrigated,  leaving  780  acres  needing  water. 
This,  added  to  the  413  acres  already  sold  and  360  acres  of  the  town 
site,  makes  a  total  of  1,553  acres  to  be  provided.  When  the  lands 
were  first  subdivided  and  the  water  company  was  organized  it  was  the 
general  impression  among  real  estate  men  and  many  irrigators  that  an 
allowance  of  1  miner's  inch  to  10  acres  was  enough  for  all  fruit  crops. 
On  a  basis  of  1  inch  to  10  acres  there  would  be  required  about  155 
inches  to  supply  the  lands  already  sold  and  then  on  sale,  which  it  was 
intended  to  serve  with  water  by  the  Mentone  Irrigation  Gompany. 

SIMILAR  WATER  DEVELOPMENTS. 

In  connection  with  this  water  development  the  following  information 
is  of  interest:  At  Tempe,  Arizona,  a  well  6  feet  in  the  clear  was 
sunk  through  sand  and  bowlders  to  a  depth  of  25  feet,  the  plane  of 
saturation  being  about  4  feet  below  the  surface  of  the  ground.  A  cen- 
trifugal pump  lifting  4  second -feet  made  a  run  of  158  hours,  which 
affected  the  plane  of  saturation,  as  shown  by  a  series  of  bored  wells  in 
line  from  the  main  well,  as  follows :  At  main  well,  drop  in  plane  of 
saturation  of  17.7  feet;  56  feet  from  main  well,  6.8  feet;  118  feet  from 
main  well,  4.9  feet;  183  feet  from  main  well,  3.4  feet;  360  feet  from 
main  well,  1.8  feet. 

The  location  was  below  a  30-foot  mesa  in  the  bottom- wash  land  of 
Salt  Eiver.  The  pump  discharged  into  an  unlined  canal  within  20  feet 
of  the  shaft.  The  result  indicates  the  reach  or  draw  from  the  well  into 
the  plane  of  saturation,  which  plane  is  supplied  from  the  river  and 
adjacent  canals. 

The  Azusa  and  Duarte  irrigators  own  the  surface  waters  of  San 
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Gabriel  River  in  southern  California,  and  at  first  diverted  these  waters 
at  the  mouth  of  the  canyon.  The  Vineland  irrigation  district,  desir- 
ing a  water  supply,  constructed  a  tunnel  2,000  feet  m  length  into  the 
sand-and-bowlder  wash  of  the  canyon,  following  its  western  wall,  the 
head  being  within  175  feet  of  the  river.  Between  the  tunnel  head  and 
the  river  two  wells  were  sunk  by  the  Azusa  people  to  determine  the 
relation  of  the  water  levels.  The  results  obtained  much  resembled  the 
conditions  shown  at  the  Tempe  well. 

A  supply  was  obtained  by  the  Vineland  people  of  from  1  to  2  second- 
feet.  The  original  water  company,  to  avoid  the  drain  on  the  surface 
flow,  built  a  pipe-and-tunnel  line  to  a  point  a  mile  above  the  Vineland 
heading  and  there  diverted  their  water  on  bed  rock.  On  July  15, 1896, 
the  water  was  all  turned  into  the  new  pipe  line.  The  flow  of  the  Vine- 
land  tunnel  at  once  began  to  diminish,  and  gradually  fell  from  1.11 
second-feet  on  July  15  to  0.0  on  August  7, 1896. 

On  August  16  a  cloud-burst  occurred  on  a  clay  portion  of  the  basin, 
washing  down  much  silt  and  ashes,  "  slicking"  over  the  channel  of  the 
river  to  the  mouth  of  the  canyon.  On  October  27, 1896,  the  irrigating 
season  being  over,  the  water  of  the  river  was  returned  by  the  Azusa 
people  to  its  old  bed,  but  it  did  not  as  before  percolate  through  to  the 
Vineland  tunnel.  On  February  1, 1897,  a  heavy  general  storm  raised 
the  river  so  that  it  flushed  out  its  bed,  and  in  a  few  days  the  Vineland 
tunnel  was  collecting  and  discharging  2  second-feet  of  water. 

It  would  be  difficult  to  show  a  clearer  connection  between  so-called 
developed  water  and  surface  water.  The  case  at  Tempe,  showing  the 
reach  from  a  well  or  tunnel,  and  that  at  San  Gabriel,  demonstrating 
the  source  of  supply,  are  interesting,  as  indicating  the  effect  of  devel- 
opment on  surface  flow  in  formations  of  this  character.  Doubtless  the 
sands  and  gravels  are  charged  each  year  by  storm  waters  that  may  be 
drawn  upon,  but  the  supply  is  greatly  enhanced  by  a  running  stream 
or  canal  on  the  surface.  The  statement  given  below  shows  the  amount 
of  water  obtained  by  development  works  in  a  sand  or  bowlder  wash. 
In  each  instance  running  water  is  on  the  surface  of  the  ground  within 
a  distance  of  100  to  500  feet. 
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Amount  of  water  obtained  by  dei'eJopment  works  in  a  sand  or  botvlder  wash. 


Localitj'. 


German  Springs, 

Mill  Creek. 
Upper  Spring,  Mill 

Creek. 
Santa  Ana  tunnel. 

No.  1. 
Santa  Ana  tunnel, 

No.  2. 
East  Twin  Creek.. . 
San  Gabriel  River.. 

San  Fernando  Val- 
ley. 

Mill  Creek  wash  

Arroyo  Seco  


Company, 


Mentone  Irrigation 

Company. 
 do  


Redlands  Water 

Company. 
 do  


E.  A.  Phillips  

Vineland  irrigation 

district. 
West  Los  Angeles 

Water  Company. 
Mrs.  M.  A.  Brown  . . . 
Pasadena  Water 

Company. 


Class  of  work, 


Open  cut.. 


Tunnel  


,.do 


.do 

•  do 
do 


Open  cut. 

Tunnel... 
....do  .... 


Leiigtli  of 
work. 


Feet. 

500 
1,050 
600 

1,  800 

400 

2,  000 

3,  000 

1, 100 
6,  000 


Miner's 
inches  per 
100  linear 
feet. 


6.0 
11.7 

5 


5 
5 

11 

a  12 
4 


a  Has  decreased  over  one-half. 

In  the  case  of  the  West  Los  Angeles  Water  Company  there  was  a 
flow  of  60  miner's  inches  at  a  spring  to  start  with,  which  has  been 
deducted  from  the  total  flow.  This  development  is  in  a  dry  channel  of 
Los  Angeles  River  and  consists  of  an  open  cut,  the  maximum  depth  of 
which  is  30  feet. 

SANTA  ANA  RIVER. 

The  mountainous  area  which  constitutes  the  drainage  basin  of  Santa 
Ana  River  has  steep  slopes,  but  the  surface  is  fairly  well  covered  with 
soil,  except  in  the  canyons,  the  underlying  granitic  rocks  having  been 
largely  disintegrated,  leaving  an  absorbent  soil  on  the  surface.  The 
northern  slopes  are  covered  with  underbrush  at  elevations  of  from 
2,000  to  6,000  feet.  At  an  elevation  of  3,000  feet  pines  appear,  the  trees 
increasing  in  size  and  number  to  an  altitude  of  6,000  feet  and  disap- 
pearing at  about  10,000  feet.  The  catchment  basin  is  not  so  well  situ- 
ated as  that  of  Mill  Creek,  as  regards  precipitation,  being,  to  a  large 
extent,  to  the  lee  of  the  crest  of  the  range,  and  Gray  back  and  San 
Bernardino  peaks  cut  off  in  part  storm  winds  from  the  south. 

The  drainage  basin  may  be  divided  into  four  portions,  whose  areas 
are  as  follows:  Main  river  above  junction  of  Bear  Creek,  88  square 
miles;  tributary  to  Bear  Valley  reservoir,  54  square  miles;  Bear  Creek 
below  dam,  16  square  miles;  main  river  below  Bear  Creek,  31  square 
miles;  total,  188  square  miles.    These  areas  have  been  measured  from 
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Beasley's  county  map,  edition  of  1892.  The  1()  square  miles  of  basin 
tributary  to  old  Bear  Lake  are  not  included  in  the  total  given  above, 
as  the  overflow  is  toward  the  desert. 


RAINFALL. 


Observations  have  been  made  at  two  rain  gages,  one  at  the  Bear 
Valley  dam  and  the  other  near  the  eastern  rim  of  the  basin  at  Bear 
Creek.  The  Bear  Valley  rain  gage,  besides  being  located  in  a  canyon 
where  the  precipitation  might  be  expected  to  be  excessive,  is  situated 
so  as  to  get  the  advantage  of  the  crest  rains,  and  its  average  record  of 
53.70  inches  is  probably  20  to  30  inches  greater  than  the  mean  for  the 
basin.  (See  remarks  on  Arrowhead  rainfall,  page  620).  The  maximum 
year  given  is  176  per  cent  of  the  mean,  and  the  minimum  37  per  cent  of 
the  mean. 

Bear  Valley  rainfall  record,  September  1  to  August  31. 


Tear. 


Indies. 


1883-  84   94.  60 

1884-  85   28.06 

1885-  86  '  65.51 

1886-  87   24.00 

1887-  88  I  62.30 

1888-  89   46.08 


Year. 


1889-  90 

1890-  91 

1891-  92 

1892-  93 

1893-  94 

1894-  95 


Inches. 


93.40 
78.  40 
38. 00 
44.  32 
19.75 
50.  00 


The  portion  of  Bear  Valley  basin  to  the  east  of  the  gage  at  the  dam 
not  only  has  much  less  precipitation,  but  a  very  much  greater  portion 
of  the  snowfall  is  lost  by  evaporation,  owing  to  its  exposure  to  the  dry 
desert  winds.  It  is  found  that  at  the  eastern  end  of  the  basin  the  snow 
reduces  to  water  at  the  ratio  of  10  to  1,  while  approaching  the  crest  it 
is  nearer  5  to  1. 

The  Upper  Holcomb  rain  gage  is  near  the  northeast  edge  of  the  Bear 
Valley  basin  and  shows  this  marked  decrease  in  rainfall  near  the 
eastern  rim.  The  mean  for  the  years  given  is  14.09  inches.  The  rain- 
fall at  San  Bernardino  city  during  the  period  1892-93  and  1897-98  was 
84  per  cent  of  the  twenty-eight-year  mean  at  that  place. 

'  Upper  Holcomh  rainfall  record,  (a) 


Year. 

Inches. 

Year. 

Inches. 

1892-93  

11.70 
15.  27 

2L80 

1895-96  

7.90 
13.50 
9.30 

1893-94  

1896-97  

1894-95  

1897-98  h  

a  NE.  i  sec.  33,  T.  3  N.,  R.  1  E.    Elevation,  7,200  feet. 

b  Record  for  1897-98  is  from  September  1,  1897,  to  June  1,  1898. 
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DISCHARGE  MEASUREMENTS. 

Estimates  of  the  amount  of  water  available  from  Sauta  Aua  River 
have  been  made  by  the  Bear  Valley  CoDipany.  The  results  are  shown 
in  the  progress  report  for  1895.'  In  June,  1896,  the  writer  established 
a  station  for  meiisuring  the  streams  at  a  point  opposite  Warmsprings, 
immediately  above  the  junction  of  Warmsprings  Canyon  with  Santa 
Ana  River,  this  being  below  the  point  of  diversion  of  the  canal.  Here 
the  channel  is  comparatively  deep  and  broad,  being  straight  for  a  dis- 
tance of  over  100  feet  above  and  50  feet  below.  A  cable  was  stretched 
across  the  stream  and  measurements  were  made  from  a  suspended  car. 
The  gage  is  about  60  feet  above  the  cable  on  the  south  or  left  bank  of 
the  stream,  and  consists  of  an  inclined  rod  fastened  under  a  group  of 
bowlders  at  the  lower  end  and  by  wires  to  trees  at  the  upper  end.  The 
initial  point  for  sounding  is  on  the  left  bank,  at  a  staple  in  a  cottonwood 
tree  at  the  cable.  The  results  obtained  are  shown  in  the  accompanying 
table.  The  observer,  A.  Laird,  zanjero  for  the  Bear  Valley  Irrigation 
Company,  reads  the  gage  daily.  At  about  75  feet  below  the  cable  is  a 
riffle  which  causes  slack  water  and  deposit  of  silt  near  the  cable.  This 
being  occasionally  flushed  out  necessitates  frequent  revision  of  the 
rating  curve  and  prevents  a  fairly  constant  relation  between  area  of 
section  and  velocity.  A  more  detailed  description  of  this  station  is 
given  in  Water-Supply  and  Irrigation  Paper  No.  16,  p.  195.  The  rela- 
tion of  gage  height  to  discharge,  and  the  estimated  discharges  of  the 
river  are  given  in  the  following  table: 


Bating  table  for  Santa  Ana  River  at  Warmsprings,  California. 


Gage 
height. 

l>isoharge. 

Gage 
height. 

Discharge. 

July  1, 
1896,  to 
May  31, 
1897. 

June  1  to 
July  31, 
1897. 

Aug.  1  to 
Dec.  31, 1897. 

July  1, 
1896,  to 
May  31, 
1897. 

June  1  to 
July  31, 
1897. 

Aug.  1  to 
Dec.  31,  1897. 

Feet. 
0.8 
0.9 
1.0 
1. 1 
1.2 
1.3 
1.4 
L5 
1.6 
1.7 
1.8 
L9 

See. -feet. 

Sec. -feet. 

Sec-feet. 
23 
24 
26 
30 
38 
52 
70 
90 

Feet. 
2.0 
2.1 
2.2 
2.3 
2.4 
2.5 
2.6 
2.7 
2.8 
2.9 
3.0 

Sec-feet. 

260 
300 
340 
380 
420 
460 
500 
540 
580 
620 
660 

Sec-feet. 

Sec-feet. 

25 
33 
41 
.52 
64 
81 
101 
126 
1.53 
186 
221 

55 
60 
67 
78 
92 
110 
129 
151 

i 

'Report  of  progress  of  the  Division  of  Hydrography  for  the  calendar  year  1895,  by  F.  H.  Newell, 
hydrographer  in  charge  :  Bull.  U.  S.  Geol.  Survey  No.  140, 1896.  pp.  318-321. 
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Estimated  monthly  discharge  of  Santa  Ana  River  at  Warmsprings,  California. 


[Drainage  area,  188  square  miles.] 


Month. 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Run-off. 

mum. 

"IVTini  - 

JL  J  AH 

mum. 

Mean. 

X^ULfLU.  ILl 

inches. 

Second- 

■Ppftf,  "HAT* 

square 
mile. 

I89fi 

Julv 

76 

48 

63 

3,  891 

0.  39 

0.  34 

A 11 0*11  sti 

83 

33 

57 

3, 492 

0. 35 

0.  30 

SftTit'.p.m  ViftT* 

77 

27 

55 

3, 289 

0.32 

0.  29 

Octioliftr 

170 

38 

55 

3, 387 

0. 33 

0.  29 

52 

30 

a  33 

1, 939 

0. 19 

0. 17 

40 

33 

a  35 

2, 176 

0. 22 

0. 19 

1897. 

101 

27 

62 

3, 836 

0.  38 

0. 33 

February   

580 

72 

181 

10,  060 

1.00 

0.96 

March  

460 

64 

119 

7,  317 

0  72 

0  63 

April  

186 

101 

146 

8,  675 

0. 87 

0.  78 

May  

101 

29 

61 

3,  769 

0. 38 

0.  33 

June  

67 

57 

63 

3,  737 

0.  37 

0.  33 

July  

85 

57 

67 

4,  119 

0.  41 

0.  36 

August  

80 

34 

57 

3, 505 

0.  35 

0. 30 

September  

61 

38 

47 

2,  779 

0. 28 

0.  25 

October  

250 

25 

42 

2, 582 

0.25 

'0. 22 

November  

52 

34 

a  38 

2,  261 

0.  22 

0. 20 

December  

30 

22 

a  26 

1,610 

0. 16 

0. 14 

The  year ..... 

580 

22 

-  76 

54,  250 

5.39 

0. 40 

1898. 

January   

58 

33 

49 

2, 987 

0. 30 

0.  26 

February   

76 

33 

48 

2,  688 

0. 27 

0.26 

March  

40 

25 

40 

2, 448 

0. 24 

0.  21 

April  

28 

36 

2, 134 

0. 21 

0. 19 

May  

June  

July  

149 
58 
53 
58 

26 
36 
33 
33 

61 

48 
43 
43 

3,  727 

2, 840 
2,625 
2,653 

0.  37 
0.  28 
0.  26 
0. 26 

0. 32 
0. 25 
0. 23 
0. 23 

a  The  reduced  flow  of  November  and  December  is  due  to  closing  the  Bear  Valley  dam. 
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Fig.  195.— Discharge  of  Santa  Ana  River  at  Warmsprings,  California,  1896  and  1897. 
Estimated  monthly  discharge  of  Santa  Ana  River  and  Santa  Ana  canal. 


Month. 


1896. 
July  

August  

September  . . 

October  

November  , . . 

December  . . . 


Discharge  in  second-feet. 


Santa  Ana  River. 


1897. 

January  

February   580 

March  

April  

May  

June  

July  

August  

September  

October  

November   

December  

The  year  


Maxi- 
mum. 

Mini- 
mum. 

Mean. 

76 

48 

63 

83 

33 

57 

77 

27 

55 

170 

38 

55 

52 

30 

33 

40 

33 

35 

101 

27 

62 

580 

72 

181 

460 

64 

19 

186 

101 

146 

101 

29 

161 

67 

57 

63 

85 

57 

67 

80 

34 

57 

16 

38 

47 

250 

25 

42 

52 

34 

38 

30 

22 

26 

580 

1 

22 

76 

Santa  Ana  canal. 


Maxi- 
mum. 


8.5 
6.0 
6.0 
12.0 
20.0 
19.0 
18.5 
20.0 


Mini- 
mum. 


Mean. 


3.2 
0.0 
0.5 
0.0 
0.0 
0.0 
10.6 
17.4 


14.0 
14.0 
14.0 
16.0 
3.5 
4.2 


5.6 
4.0 
5.2 
3.8 
15.0 
16.6 
15.6 
18.3 
20.0 
12.4 
7.0 
7.0 

10.9 
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Estimated  monthlij  discharge  of  Santa  Ana  River  and  Santa  Ana  canal — Continued. 


Monrh. 


January  

February  ... 

March  

April  

May  

June  

July  

August  


Discbarge  in  second-feet. 


Santa  Ana  River. 


Maxi 
mum. 


58 
76 
40 
34 
149 
58 
53 
58 


Mini- 
mum. 


33 

33 
25 
28 
26 
36 
33 
33 


Mean. 


49 
48 
40 
36 
61 
48 
43 
43 


Santa  Ana  canal. 


Maxi- 
mum. 


Mini- 
mum. 


Mean. 


9.0 
10.0 
11.0 
9.0 
8.0 
3.9 
5.3 
3.0 


Estimated  monthly  discharf/e  of  Santa  Ana  River,  including  Santa  Ana  canal,  at  \\  arm- 
springs,  California. 

[Drainage  area,  188  square  miles.] 


Month. 


1896. 

July  

August.  .  - . 
September 
October  . . . 
November . 
December . 


1897. 
January 
February  . 

March  

April  

May  

June  

July  

August  

September 
October  . . . 
November. 
December  . 


Discharge  in  second-feet. 


Maxi- 
mum. 


The  year 


104 
585 
465 
190 
113 

86 
102 
100 

81 
270 

59 

38 

585 


Mini- 
mum. 


35 

77 
70 
113 
48 
60 
70 
54 
58 
45 
40 
29 

29 


Mean. 


77 
71 
69 
71 
37 
39 


68 
185 
124 
150 
76 
80 
83 
75 
67 
54 
45 
33 

87 


Total  in  acre- 
feet. 


4,  753 
4,  353 
4, 124 
4,  372 
2, 148 
2,  435 


4, 179 
10,  282 

7,  637 

8,  899 
4,  690 

4,  723 

5,  077 
4,  628 
3,  968 
3,  347 
2,  678 
2,  040 

62, 148 


Run-otf. 


Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

0.  47 

0. 41 

0.  44 

0.  38 

0.  41 

0.  37 

0. 44 

0.  38 

0.21 

0. 19 

0.  24 

0.  21 

0.41 

0.  36 

1.02 

0.98 

0.  76 

0.  66 

0.  89 

0  80 

0.  47 

0.41 

0.  47 

0.  42 

0.51 

0.44 

0.  46 

0.40 

0.  39 

0.  35 

0.  33 

0.  29 

0. 27 

0.  24 

0.  21 

0. 18 

6. 19 

0.  46 
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HIGHLANDS  OR  NORTH  FORK  SYSTEM. 

Mormons  from  Salt  Lake,  who  were  the  first  Anglo-Saxon  immigrants 
to  enter  this  valley,  founded  the  town  of  San  Bernardino,  and  in  1855 
built  on  the  south  side  the  first  ditch  from  SaDta  Ana  River.  This 
ditch,  known  as  the  Tinney  ditch,  with  some  of  the  underlying  lands, 
was  purchased  by  Judge  H.  M.  Wills,  in  1857,  from  Bishop  Tinney. 
Judge  Wills  did  not  make  immediate  use  of  his  canal,  and  so  lost  his 
right,  the  water  being  claimed  by  a  lower  ditch  on  the  opposite  or  north 
side,  known  as  the  North  Fork,  which,  however,  must  not  be  confounded 
with  the  North  Fork  of  the  present  day.  These  ditches  were  located 
but  a  few  miles  east  of  San  Bernardino. 

The  second  ditch  constructed  on  the  Santa  Ana  was  the  Timber 
ditch,  which  was  built  in  1857.  This  canal  also  was  built  on  the  north 
side  of  the  river.  In  1898  this  ditch  was  dry  and  practically  aban- 
doned. Gradually  other  small  ditches  were  constructed  and  contro- 
versies arose. 

As  a  result  of  the  first  water  suit  brought  in  San  Bernardino  County, 
the  Cram-Yan  Lueven  ditch,  which  was  built  in  1858  and  made  its 
diversion  at  the  mouth  of  the  canyon,  was  given  one-sixth  of  the  entire 
flow  of  Santa  Ana  River  at  that  point.  The  old  North  Fork  ditch  was 
abandoned  and  its  waters  transferred  to  this  (Jram-Yan  Lueven  ditch, 
which  was  enlarged,  and  the  consolidated  canal  was  known  as  the 
North  Fork. 

The  North  Fork  Water  Company  was  incorporated  in  July,  1885,  and 
jointly  with  the  Cram-Yan  Lueven  people  operated  this  north-side  sys- 
tem. The  location  of  this  canal  was  changed  several  times,  each  move 
putting  it  on  higher  ground,  until  in  1887  or  1888  the  present  cement- 
lined  ditch  was  constructed  next  to  the  foot  of  the  mountains  from  the 
mouth  of  Santa  Ana  Canyon,  through  East  Highlands,  and  along  the 
foothills  to  Del  Rosa.  A  pipe  line  to  San  Bernardino  was  constructed 
by  the  Bear  Yalley  Irrigation  Company  from  this  terminus. 

By  reference  to  the  table  in  Bulletin  No.  140,  p.  318,  giving  the  flow 
of  Santa  Ana  River,  it  is  seen  that  the  North  Fork  canal,  having  aright 
to  one-half  of  the  water  in  the  river,  obtained  only  6  second-feet,  or  300 
miner's  inches,  during  minimum  years.  Mr.  F.  E.  Brovrn,  having  studied 
the  situation  and  the  possibilities  of  the  Bear  Yalley  reservoir,  submit- 
ted propositions  to  the  North  Fork  and  the  South  Fork  companies  to 
guarantee  them  each  year  the  following  water :  June,  500  miner's  inches; 
July,  600;  August,  600;  September,  500;  Ootober,  450;  November,  400; 
mean,  508.  The  privilege  was  further  granted  them  of  taking  water  in 
such  amounts  as  they  pleased,  provided  they  did  not  use  over  2,200 
miner's  inches  in  any  four  consecutive  months.  In  consideration  of  - 
this  the  Bear  Yalley  Company  was  to  be  permitted  to  store  all  availa- 
ble water  at  the  Bear  Yalley  reservoir  at  all  times  of  the  year.  It  was 
also  permitted  to  run  through  this  canal  an  amount  of  water  equal  to 
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that  run  by  the  Korth  Fork  Company,  but  the  Bear  Valley  Company 
was  to  pay  one-half  of  the  cost  of  reconstructing  and  enlarging  the  old 
canal  and  one-half  the  cost  of  maintenance,  which  was  to  be  under  the 
control  of  the  North  Fork  people.  If  the  Bear  Yalley  Company  failed 
in  the  contract  it  was  to  forfeit  all  interest  in  the  plant.  This  agree- 
ment became  effective  June  1,  1886. 

NORTH  FORK  CANAL. 

The  diversion  of  water  from  Santa  Ana  River  is  by  means  of  tempo- 
rary headworks  below  the  "divide."  The  canal  is  the  same  form  of 
structure  as  that  described  on  page  554  in  the  Crafton  discussion.  This 
canal  in  places  is  on  a  16-per-cent  grade  j  the  berms  are  very  narrow, 
permitting  the  sand  to  blow  into  the  canal,  but  it  has  stood  in  good 
condition  for  ten  years  and  is  now  quite  perfect.  Velocities  of  20  feet 
per  second  have  been  measured  in  this  canal.    (See  PI.  LX.) 

In  places  where  the  Highlands  or  North  Fork  canal  passes  through 
a  conglomerate  formation  of  sand,  gravel,  and  clay,  partly  indurated, 
a  cement  plaster,  consisting  of  1  part  cement  and  3  parts  sand,  is  put 
directly  on  the  natural  material  and  has  stood  well.  The  same  practice 
has  been  followed  to  advantage  in  tunnels.  Where  the  line  has  been 
built  on  fills,  a  year  has  been  given  for  the  earth  to  settle.  The  bottom 
widths  vary  with  the  grade  from  2^  to  6  feet,  the  top  from  4J  to  8  feet, 
and  the  depth  from  2J  to  3J  feet.  The  total  cost  is  estimated  at  $37,500. 
Other  expenses,  such  as  right  of  way,  legal  expenses,  etc.,  will  bring  the 
total  up  to  between  $45,000  and  $48,000  to  the  North  Fork  Company, 
and  $77,000  to  $80,000  to  all  concerned. 

The  North  Fork  water  was  valued,  in  1888,  at  $720  a  miner's  inch. 
During  the  summer  season  of  1896  the  Bear  Valley  Irrigation  Company 
charged  and  collected  35  cents  per  24-hour  day  per  miner's  inch  (0.2 
second-foot)  for  water.  Considering  that  the  season  lasts  six  months, 
or  180  days,  this  water  would  cost  the  irrigator  $63  per  miner's  inch. 
With  a  duty  of  water  of  1  inch  to  4  acres  and  a  cost  of  operation  and 
maintenance  of  $2  per  acre  per  annum,  or  $8  per  miner's  inch  per 
annum,  the  net  value  of  an  inch  of  water,  on  the  above  basis,  would  be 
$55,  which,  capitalized  at  the  legal  rate  of  7  per  cent,  would  give  $786 
as  the  value  of  an  inch  of  water  in  the  North  Fork  district  during 
1896.  During  the  drought  of  1898  individual  rights  to  water  were  sold 
for  $2.50  per  miner's  inch  for  twenty-four  hours  around  Redlands,  and 
the  Bear  Valley  Company  charged  10  cents  additional  for  toll  on  the 
transfer  through  its  canals.* 

The  North  Fork  water  is  owned  and  operated  by  an  association  of 
irrigators.  The  North  Fork  ditch  was  originally  divided  into  hours  j 
that  is,  one  hour's  water  represented  the  full  flow  of  the  ditch  for  that 
length  of  time.  When  the  company  was  reorganized  the  stock  was 
divided  into  shares,  twenty  shares  representing  one  hour;  so  a  share 
now  means  one-twentieth  of  an  hour's  run  of  the  400  miner's  inches. 
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VIEW  ON  THE  NORTH  FORK  SYSTEM,  NEAR  HIGHLANDS,  CALIFORNIA. 
The  irrigated  lands  of  Highlands  m  the  background 
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The  cost  per  acre  irrigated  for  maintenance  alone  lias  been  about 
$1.50  a  year.  Each  shareholder  can  call  for  any  part  of  his  water,  or 
sell  it  at  any  point  along  the  system.  There  is  an  agreement  on  the 
part  of  the  company,  however,  that,  no  shares  can  be  transferred  to 
the  South  Fork  canal.  The  North  Fork  and  Cram-Van  Lueven  water 
shares  or  stock  are  all  owned  by  the  landowners  and  used  on  the  land 
lying  under  the  ditch.  There  is  none  of  this  stock  now  on  the  market. 
A  recent  sale  of  "an  hour's  run  of  the  ditch,"  which  is  equal  to  1.68 
miner's  inches  perpetual  flow,  was  made  for  $900.  This  would  be  at 
the  rate  of  $540  per  miner's  inch. 

The  Bear  Yalley  Company  and  the  Cram-Yan  Lueven  Company  have 
the  right  to  run  water  through  this  ditch,  but  the  operation  and  main- 
tenance is  in  the  hands  of  the  North  Fork  Company.  The  Bear  Yalley 
Company  has  GOO  miner's  inches,  the  Cram-Yan  Lueven  Company  200 
miner's  inches.  The  cost  of  maintenance  during  the  year  1896  was 
$4,975,  each  company  paying  its  proportion.  Of  this  amount,  $2,136 
was  paid  in  interest  and  notes  on  a  construction  debt,  and  also  included 
taxes.  If  the  debt  of  $14,700  could  be  wiped  out,  it  is  estimated  that 
the  maintenance  charges  would  not  exceed  $5  per  annum  per  inch. 

The  cost  of  the  water  per  inch  is  estimated  as  follows:  Operating 
expenses  and  maintenance  of  ditch,  per  miner's  inch,  $5;  interest  on 
value  of  water,  say  $540  at  6  per  cent,  $32.40 ;  total  annual  charge  per 
inch,  $37.40. 

With  a  duty  of  1  miner's  inch  to  4  acres,  this  would  be  an  annual 
exi)ense  to  the  water  owners  of  $9.35  per  acre,  or  with  1  miner's  inch 
to  5  acres,  $7.48  per  acre. 

During  the  year  1896  the  Bear  Yalley  Company  charged  $35  for  a 
24-hour  run  of  100  miner's  inches.  With  a  duty  of  1  miner's  inch  to  4 
acres,  this  costs  the  irrigator  $15.75  per  acre,  or  $8.75  per  acre-foot; 
with  a  duty  of  1  miner's  inch  to  5  acres,  the  cost  would  be  $12.60  per 
acre.  In  1897  the  rate  was  fixed  at  $20  per  day  for  100  miner's  inches. 
This  would  cost  $9  on  a  basis  of  1  miner's  inch  to  4  acres,  or  $7.20  for 
a  duty  of  1  miner's  inch  to  5  acres.  On  the  basis  of  1897  the  Bear 
Yalley  water  costs  the  irrigator  no  more  than  the  North  Fork  water. 

The  Highlands  Yineyard  Company  canal  is  a  continuation  of  the 
North  Fork  canal.  It  is  2^  feet  wide  on  the  bottom,  4 J  feet  wide  on 
top,  2^  feet  deep,  and  on  a  10  per  cent  grade.  It  is  constructed  in  the 
same  way  as  the  main  canal. 

The  total  area  irrigated  on  the  north  side  for  1896  was,  approxi- 
mately, 5,000  acres. 

The  soil  of  Highlands  is  largely  a  loam  of  recent  formation,  and 
though  in  places  it  is  very  light,  it  universally  produces  a  high  grade 
of  oranges  and  lemons.  As  in  other  localities,  the  best  citrus  lands 
lie  next  to  the  foothills  and  are  very  limited  in  area.  A  distance  of  a 
mile  will  often  make  the  difference  between  success  and  failure  in  this 
class  of  fruit,  as  frost  settles  into  the  lower  i)ortions  of  the  valley. 
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The  duty  of  water  in  this  district  for  citrus  trees  ranges  from  1 
niiuer's  inch  for  3  acres  to  the  same  for  7  acres,  six  months'  flow,  depend- 
ing largely  on  the  amount  of  water  that  the  irrigator  can  command. 
The  other  fruits  require,  approximately,  one-half  this  amount.  Little 
else  than  citrus  fruits  is  raised  on  this  high-priced  foothill  land. 

Fertilizing  is  very  generally  practiced  in  this  and  adjoining  localities. 
The  Chilean  nitrates  are  said  to  be  the  best  wood  growers,  and  the 
guanos  are  the  best  for  fruit.  The  method  of  distribution  of  water 
practiced  on  this  land  is  the  same  as  that  of  Redlands. 

SUMMARY  OF  NORTH-SIDE  SYSTEM. 

Below  is  a  synopsis  of  the  north  side  system  of  canals  used  or  owned 
by  the  Bear  Valley  Irrigation  Company : 

North  Forlc  ditch  (capacity,  1,500  miner's  inches). — Beginning  at  a 
point  at  or  near  Santa  Ana  Canyon,  in  the  S  W.  J  sec.  4,  T.  1  S.,  R.  2  W., 
it  runs  in  a  northwesterly  direction  along  the  base  of  the  mountains  to 
a  point  west  of  City  Creek,  on  the  south  line  of  sec.  28,  T.  1  N.,  R.  3  W., 
thence  to  the  southeast  corner  of  sec.  29,  T.  1  N.,  R.  3  W.,  having  a 
total  length  of  8  miles. 

The  Bear  Valley  Irrigation  Company  owns  an  undivided  half  interest 
in  this  ditch  and  the  right  to  run  one-half  the  capacity,  viz,  750  miner's 
inches. 

Highlands  ditch  (capacity,  1,500  miner's  inches). — Beginning  at  a 
point  near  the  North  Fork  ditch,  in  the  NW.  J  sec.  34,  T.  1  N.,  R.  3  W., 
it  runs  in  a  northwesterly  direction  along  the  base  of  the  mountains  to 
a  point  near  the  west  line  of  sec.  19,  T.  1  N.,  R.  3  W.,  having  a  length 
of  4  miles. 

North  San  Bernardino  pipe  line  (capacity,  1,400  miner's  inches). — 
Beginning  at  the  end  of  the  Highlands  ditch,  at  a  point  near  the  west- 
line  of  sec.  19,  T.  1  N.,  R.  3  W.,  it  runs  west  to  the  northeast  corner  of 
North  and  San  Bernardino  streets,  having  a  length  of  2  miles,  thence 
south  1  mile. 

REDLANDS  OR  SOUTH-SIDE  WORKS. 

As  stated  in  the  description  of  the  Highlands  or  North  Fork  water 
rights,  on  page  573,  the  first  water  taken  from  Santa  Ana  River  was 
used  near  old  San  Bernardino,  on  the  south  side  of  the  valley,  being 
diverted  by  the  Tiuney  ditch,  built  in  1855.  After  being  abandoned  it 
was  opened  to  take  the  water  claimed  under  the  Berry  Roberts  filing, 
made  March  10,  1869,  on  the  surplus  flood  waters  of  Santa  Ana  River. 
A  number  of  irrigators  under  the  Timber  ditch,  who  owned  land  on  the 
Sunnyside  or  south  side  of  Santa  Ana  River,  began  to  transfer  their 
rights  there.  Direct  purchase  was  made  in  some  instances  of  Timber 
ditch  water,  which  was  transferred  to  the  Berry  Roberts  ditch,  and 
this  was  continued  until  the  Timber  ditch  was  abandoned. 

In  1874  parties  interested  in  this  Sunnyside  or  south-side  water  began 
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the  construction  of  a  canal  from  the  mouth  of  Santa  Ana  Canyon,  oppo- 
site the  point  of  diversion  of  the  JS'orth  Fork  and  Oram-Yan  Lueven 
ditch.  This  canal  was  built  on  a  light  grade  as  far  as  Mill  Greek  wash, 
but  it  was  not  used  until  1878.  In  February,  1878,  the  water  com- 
missioners granted  a  permit  to  relocate  the  ditch,  commencing  "four 
hundred  yards  above  the  present  diversion  of  the  ISTorth  and  South 
Fork  canals  and  running  about  one  hundred  and  fifty  yards  south- 
easterly of  that  point."  The  water  was  then  discharged  through  an  old 
river  channel  and  delivered  through  natural  drainage  lines  to  the  old 
head  of  the  Berry  Roberts  ditch. 

In  July,  1878,  the  county  water  commissioners  were  asked  to  locate 
the  South  Fork  canal  on  the  line  which  had  been  in  large  part  con 
structed  in  1877.  This  was  done,  and  water  was  first  run  through  this 
canal  in  the  fall  of  1878.  This  canal  line  is  practically  on  the  location 
of  the  Bear  Valley  Eedlands  canal  of  the  present  day.  Thus,  as  the 
water  became  more  valuable  and  the  advantage  of  the  higher  and 
warmer  valley  lands  became  better  understood,  the  points  of  diversion 
were  gradually  moved  upstream  to  prevent  the  loss  of  water  and  to 
command  these  lands. 

The  owners  of  the  South  Fork  water  constituted  an  association  con- 
trolling the  main  canal.  The  water  was  used  in  the  Lugonia,  Eedlands, 
and  Sunny  side  districts,  and  the  local  jealousies  of  these  rival  settle- 
ments for  a  long  time  prevented  incorporation. 

Lugonia  is  on  the  east  of  Eedlands,  a  dex^ression  occurring  between 
them.  The  Lugonia  Water  Company  was  incorporated  in  1887  with  a 
capital  stock  of  $369,000.  The  old  water  owners  exchanged  their  water 
rights  for  shares  of  stock  in  the  new  company,  10  stock  shares  being 
given  for  1  original  water  share  of  the  old  Timber  ditch.  In  1886  about 
170  original  shares  had  been  so  surrendered  to  the  Lugonia  Water  Com- 
pany; 50  were  held  by  the  Eedlands  Water  Company,  and  33  by  the 
Domestic  Water  Company,  which  would  not  unite  with  the  Lugonia  j 
the  remaining  87  shares  were  held  by  parties  who  declined  to  enter  the 
company.  These  shares  called  for  1.3  miner's  inches  of  water,  or  a 
supply  for  10  acres.  The  Lugonia  Park  Water  Company  is  an  oflspring 
of  the  Lugonia  Water  Company. 

AGREEMENTS  WITH  THE  BEAR  VALLEY  IRRIGATION  COMPANY. 

South  Fork  Company,  for  the  same  reason  as  the  Highlands  or  ISTorth 
Fork  Company,  entered  into  agreements  with  the  Bear  Yalley  Com- 
pany. The  associations  on  the  south  side  of  San  Bernardino  Valley, 
however,  did  not  secure  as  favorable  contracts  as  those  of  the  north 
side,  because  they  were  not  so  well  organized.  The  Bear  Yalley  Com- 
pany lined  the  earthen  canal  of  the  South  Fork  Company  between  the 
canyon  and  Eedlands  with  bowlders  in  cement,  and  has  since  operated 
it.  Failure  on  the  part  of  the  Bear  Yalley  Company  to  fulfill  contracts 
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with  the  South  Fork  Company  will  cause  the  forfeiture  of  all  contracts 
and  rights  of  the  Bear  Valley  Company. 

The  contract  as  to  the  division  of  the  water  is  that  in  consideration 
of  the  rights  of  the  surplus  and  winter  waters  of  the  Sauta  Ana,  which 
the  South  Fork  Company  surrenders  to  the  Bear  Valley  Company,  this 
corporation  will  deliver  to  the  South  Fork  Company  at  the  Sunnyside 
divide  466.67  miner's  inches  (9.33  second-feet)  from  May  to  October, 
inclusive.  The  South  Fork  Company,  by  giving  notice  on  or  before 
April  20  of  any  year,  can  accumulate  its  water  in  any  months,  provided 
no  month  shall  have  assigned  to  it  more  than  600  miner's  inches  (12 
second  feet). 

The  South  Fork  Company,  having  a  right  to  one-half  the  summer 
flow  of  the  Santa  Ana,  in  1881  was  able  to  obtain  but  350  miner's  inches 
(7  second-feet)  and  in  1883  but  320  miner's  inches  (6.4  second-feet),  so 
that  it  gained  by  this  agreement  146  miner's  inches  (2.93  second-feet) 
over  low  or  controlling  years. 

SUNNYSIDE  ASSOCIATION. 

The  Sunnyside  Association,  or  South  Fork  Company,  now  takes  its 
water  from  the  Redlands  canal  of  the  Bear  Valley  Irrigation  Comjiany 
at  a  point  about  one-half  a  mile  east  of  Mentone.  It  is  then  conducted 
through  an  earthen  canal  a  distance  of  1  mile,  with  a  loss  of  about  75 
miner's  inches.  There  are  10  miles  of  main-line  canals,  most  of  which 
are  paved  with  cobbles  but  not  cemented.  The  loss  by  seepage  and 
evaporation  on  this  system  is  about  25  per  cent  of  the  entire  supply. 

A  majority  of  the  shares  (222  out  of  369)  are  now  held  by  the  Lugonia 
"Water  Company,  which  purposes  to  reconstruct  this  system  and  put  in 
a  pipe-line  plant.  The  annual  expense  of  maintenance  of  the  works 
has  ranged  from  20  to  30  cents  per  acre  x>er  annum  to  the  irrigators. 
The  original  shares  (Timber  ditch)  represent  1.3  miner's  inches,  which 
is  considered  adequate  for  10  acres  of  land. 

The  proposition  for  the  incorporation  of  the  Sunnyside  or  South  Fork 
canal  is  for  the  holders  of  the  original  Timber  ditch  shares  to  sur- 
render them  to  the  new  corporation,  which  will  then  issue  new  shares 
calling  for  water  and  give  the  original  shares  as  security  for  a  mort- 
gage, and  the  funds  raised  will  be  used  to  build  the  pipe  system.  Those 
shareholders  who  do  not  enter  the  association  will  be  asked  for  cash  to 
pay  their  share  of  the  construction  expenses.  The  Lugonia  Water 
Company  lias  voted  $30,000  in  bonds,  secured  by  their  222  shares; 
but  it  is  hoped  that  all  of  the  original  holders  will  soon  enter  the 
agreement. 

LUGONIA  AVENUE  PIPE  LINE. 

The  Lugonia  Avenue  Pipe  Line  is  owned  by  Mr.  H.  L.  Williams.  Its 
capacity  is  1,000  miner's  inches,  but  at  present  little  more  than  100 
miner's  inches  are  used  through  it.  This  water  is  obtained  by  Class 
B,  Bear  Valley  certificates.    It  is  taken  from  the  Bear  Valley  Eedlands 
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VIEWS  OF  REDLANDS,  CALIFORNIA. 
A    General  view;  B   Brookside  avenue. 
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canal  at  Mentone  into  a  pipe  line  that  is  20  inches  in  diameter,  25,910 
feet  long,  laid  to  the  west  from  Mentone  along  Lugonia  avenue  to  the 
Williams  tract.    This  was  constructed  in  1893. 

REDLANDS  WATER  COMPANY. 

Irrigation  began  in  the  Eedlands  tract  in  1882,  and  by  1897  it  had 
grown  to  a  community  of  5,000  people,  its  citrus  groves  being  estimated 
to  produce  about  1,200  carloads  of  fruit  per  annum,  worth  probably 
$1,000,000.  It  is  doubtful  if  this  locality  can  be  equaled  for  beauty, 
productiveness,  progress,  or  wealth  per  acre  anywhere  west  of  the 
Mississippi  Kiver.  Its  development  is  a  monument  to  the  physical 
conditions  of  the  district  and  to  the  energy  of  its  people. 

Two  views  of  Eedlands  are  shown  on  PI.  LXI.  The  first  of  these.  A, 
being  a  general  view  and  the  second,  a  view  of  Brookside  avenue. 
This  illustrates  a  marked  feature  in  irrigation  development,  in  that 
effort  is  constantly  made  to  render  the  homes  with  surrounding  orchards 
beautiful  as  well  as  profitable.  The  lands  are  highly  cultivated  and 
produce  crops  of  citrus  fruits,  returning  in  some  instances  as  high  as 
$500  per  acre;  10  acres  are  ample  for  the  support  of  a  family,  thus  per- 
mitting the  horticulturist  to  enjoy  all  the  convenience  of  a  suburban 
town,  such  as  electric  lights  and  street  cars.  The  avenue  shown 
is  fairly  typical  of  many  others,  with  curbing,  a  row  of  palms  on  the 
edge  of  each  sidewalk,  and  a  row  of  pepper  trees  in  the  center  of  the 
street.    The  view  is  taken  in  midwinter. 

The  original  settlement  was  made  on  1,500  acres  of  land.  This  land 
carried  a  water  right  of  0.13  miner's  inch  per  acre.  The  i^rincipal 
promoters  of  this  district,  and  the  ones  to  whom  its  early  success  was 
in  large  part  due,  were  Messrs.  E.  G.  Judson  and  F.  E.  Brown  of 
Eedlands. 

The  necessary  water  was  obtained  from  50  of  the  original  369  shares 
of  the  Sunnyside  or  Timber  ditch  stock,  thus  providing  54.2  miner^s 
inches.  In  addition,  133  miner's  inches  were  obtained  in  large  part  by 
a  development  tunnel  at  the  mouth  of  Santa  Ana  Canyon,  a  descrip- 
tion of  which  will  be  given  later. 

The  Eedlands  Water  Company  was  organized  to  supx)ly  the  settle- 
ment with  water,  for  which  it  built  the  Bolen  tunnel,  and  the  Judson 
&  Brown  ditch.  They  also  ultimately  obtained  the  water  of  Morton 
Canyon.  This  company  was  organized  in  1881  with  $1,500,000,  divided 
into  1,500  shares  of  stock,  one  for  each  acre  of  land. 

Enough  water  could  not  be  delivered  from  the  above  sources  to  sup- 
ply the  requisite  187.5  miner's  inches,  so  640,  Class  A,  certificates  of 
Bear  Valley  Company  were  added  to  the  other  waters  of  the  company. 
The  water  was  afterwards  increased  by  further  purchase  of  Bear  Val- 
ley certificates,  so  that  the  supply  was  ultimately  ])laced  on  a  basis  of 
1  inch  to  4  acres,  controlled  by  original  rights,  and  1,032  Bear  Valley 
certificates  for  .14  miner's  inch  each. 
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The  total  supply  of  the  Kedlands  Water  Company  is  375  miner's 
inches.  The  holdings  of  the  company  are  subject  to  changes  caused 
by  sales  and  purchases.  The  cost  of  maintenance  has  been  from  $3  to 
$5  per  acre.  Each  share  of  company  stock  entitles  the  holder  to  a 
certain  amount  of  water,  which  may  be  called  for  at  any  point  under 
the  company's  system. 

The  water  company  originally  built  a  canal  from  the  mouth  of  Santa 
Ana  Canyon  to  a  reservoir  on  the  Yucaipe  road,  known  as  the  Red- 
lands  reservoir,  which  commands  the  district  now  included  in  Redlands 
proi^er.  This  ditch  was  paved  and  partly  cemented.  It  was  after- 
wards rebuilt  and  relined  under  the  Bear  Valley  Company  agreement, 
and  is  now  operated  by  the  Bear  Valley  Company.  A  view  of  Red- 
lands  canal  is  shown  on  PI.  LXII. 

The  reservoir  is  located  at  the  end  of  the  Redlands  canal  and  has  a 
capacity  of  25,000,000  gallons.  It  was  constructed  for  the  purpose  of 
regulating  the  flow  and  of  distributing  water  to  the  orchards  lying 
below  it.  Its  construction  is  similar  to  that  of  Crafton  reservoir, 
described  on  page  553. 

JUDSON  &  BROWN  DITCH  AND  BOLEN  TUNNEL. 

This  ditch  derived  its  water  supply  from  Morton  Canyon,  which  flows 
from  5  to  10  inches  in  summer,  and  from  a  tunnel  development  below 
the  Korth  and  South  Fork  divide  at  the  mouth  of  Santa  Ana  Canyon, 
known  as  the  Bolen  tunnel.  The  first  tunnel  run  for  this  company 
was  near  the  south  wall  of  the  canyon.  Bed  rock  that  dipped  toward 
the  center  of  the  canyon  was  found  9  feet  below  the  surface,  and  30 
miner's  inches  were  developed  in  a  total  length  of  600  feet,  or  1  miner's 
inch  for  each  20  linear  feet  of  tunnel.  A  second  tunnel,  having  a 
total  length  of  1,800  feet,  with  a  crosscut  to  the  north  wall  of  the  can- 
yon and  running  under  the  bed  of  Santa  Ana  River,  has  also  been 
constructed.  This  tunnel  began  at  the  mouth  of  the  canyon  and  runs 
up  it.  One  hundred  and  thirty  miner's  inches  were  originally  obtained. 
At  present  this  tunnel  is  badly  choked,  and  is  carrying  only  50  miner's 
inches. 

It  will  be  remembered  that  the  waters  of  the  North  and  South  Fork 
canals  are  divided  at  a  point  near  the  moutU  of  the  canyon.  They  are 
then  run  over  its  gravel-and- bowlder  bed  to  its  mouth,  before  their 
diversion  to  their  respective  canals,  thus  passing  over  the  Bolen 
tunnel,  which  is  but  30  to  45  feet  below  the  water  surface. 

From  the  examples  quoted  in  the  discussion  of  Mill  Creek  develop- 
ment tunnel  for  the  Mentone  Irrigating  Company — and  other  examples 
could  be  given — it  will  be  seen  that  there  must  be  practically  a  diver- 
sion of  the  surface  water  of  the  stream  in  order  to  satisfy  the  draw  of 
130  miner's  inches,  which  was  obtained  at  first  by  this  tunnel.  It  is 
estimated  that  the  tunnel  is  run  to  bed  rock,  but  this  is  probably  incor- 
rect.   It  is  lined  with  bowlders,  which  were  at  hand,  the  sides  laid  in 
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cement  and  the  top  and  bottom  laid  dry.  The  top  of  the  tuuiiel  is  an 
arch  with  about  IJ  feet  inside  radius.  It  has  held  well.  The  tunnel 
is  only  3  feet  high  in  the  clear,  was  built  without  instrumental  align- 
ment or  grade,  and  is  very  crooked.  To  enter  is  diflQcult,  if  not  dan- 
gerous.   It  is  now  flowing  50  miner's  inches. 

The  cost  of  the  development  of  this  water  was  at  the  rate  of  $156 
per  miner's  inch  for  the  two  tunnels  for  160  miner's  inches.  The  amount 
of  water  obtained  in  the  larger  one  was  at  the  rate  of  1  miner's  inch  to 
each  14  linear  feet  of  tunnel. 

LUGONIA  AND  CRAFTON  DOMESTIC  WATER  COMPANY. 

This  company  was  organized  to  furnish  domestic  water  to  the  districts 
named.  Its  water  rights  were  accumulated  as  it  grew  by  purchases 
from  various  water  companies.  In  1897  they  were  based  on  the  follow- 
ing contracts:  Bear  Valley  deeded  water,  200.1  miner's  inches;  Class 
A,  Bear  Valley  certificates,  23.4  miner's  inches;  Redlands  Water  Com- 
pany, 30.0  miner's  inches ;  Class  B,  Bear  Valley  certificates,  12.5  miner's 
inches;  total,  266.0  miner's  inches. 

This  company's  works  consist  of  a  reservoir  near  Mentone  of  6,500,000 
gallons  capacity,  and  one  on  Crafton  avenue  of  700,000  gallons  capacity; 
also  the  following  j^ipe  lines :  19,000  feet  of  12|-inch,  440  feet  of  10-inch, 
13,850  feet  of  8finch,  47,650  feet  of  6-inch,  42,800  feet  of  4-inch,  20,735 
feet  of  3-inch,  23,175  feet  of  2-inch  iron  pipe. 

MINOR  SYSTEMS. 

At  Redlands  is  located  what  is  known  as  the  Cajon  street  division 
measuring  box,  by  means  of  which  a  considerable  portion  of  the  water 
from  the  Redlands  canal  is  measured  out  to  various  claimants.  The 
device  used  presents  many  points  of  interest,  and  is  shown  in  plan  and 
section  in  fig.  196  on  page  582. 

The  water  from  Redlands  canal  enters  a  bay  through  a  36-incb 
cement  pipe.  The  structure  is  made  of  concrete  and  is  18  feet  in 
length  by  12J  feet  in  width  and  5  feet  in  height.  In  this  is  i^laced  a 
screen  for  catching  trash  and  stilling  the  motion  of  the  water.  Pass- 
ing" through  the  screen  the  water  approaches  a  series  of  weirs,  and 
falling  over  these  enters  smaller  compartments  connected  respectively 
with  the  conduits  of  various  water  comi)anies.  A  is  that  of  the  Red- 
lands  Water  Company;  B,  the  West  Redlands  Water  Company;  (7,  the 
Mound  City  Water  Company,  and  D  the  Barton  Land  and  Water 
Company.  At  U  are  iron  gates  placed  in  the  bottom  of  the  box  and 
used  to  turn  additional  water  to  any  consumer  when  desired. 

One  of  the  chief  features  of  interest  is  the  use  of  weirs  of  the  form 
designed  by  Cezare  Cippolette  for  the  Italian  Government  for  use  on 
the  canal  Villoresi.  The  sides  of  the  weir  are  inclined  outward  on  a 
slope  of  4  to  1  or  at  an  angle  of  14^  from  the  vertical.  By  so  doing 
the  efi'ective  length  of  the  weir  is  constantly  equal  to  the  length  of  the 
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base  irrespective  of  the  Lead  of  water.  One  side  of  each  of  these  weirs 
is  made  to  slide,  so  that  it  can  be  set  at  any  given  length  of  base. 
The  sill  ot  all  the  weirs  being  on  the  same  level  it  results  that  the 
amount  received  by  each  claimant  is  proportional  to  the  length  of  his 
weir.  These  are  all  made  of  thin  iron  plate  set  in  concrete.  This 
division  is  reported  to  be  highly  satisfactory. 

The  Mound  City  Land  and  Water  Company  is  an  incorporated  body. 
Its  13-inch  steel  pipe  line  starts  at  the  Cajou  street  division  box  and  is 
laid  in  a  southwesterly  direction  for  a  distance  of  6  miles.    Its  water 


Fig.  196.— Plan  and  section  of  measuring  box  of  Redlands  Canal. 


right  is  based  on  250  Class  A,  Bear  Valley  certificates.  These  certifi- 
cates, however,  have  never  been  transferred  to  the  corporation. 

The  Drew  pipe  line  starts  from  the  Cajon  street  division  box  and 
runs  in  a  westerly  direction  to  the  Drew  tract.  It  is  a  cement  pipe  18 
inches  in  diameter.  Its  water  right  is  based  on  Bear  Valley  certificates, 
Class  A.    There  are  about  300  acres  irrigated  under  this  system. 

The  Barton  Land  and  Water  Company  takes  water  from  the  Drew 
pipe  line  and  distributes  it  on  the  Barton  tract.  This  water  right  is 
also  based  on  Bear  Valley  certificates.  Class  A. 

The  West  Eedlauds  Water  Company  takes  its  water  from  the  Cajon 
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street  division  box,  which  is  supplied  from  the  Bear  Yalley  Redlands 
caual.  Its  pipe  line  is  14  inches  in  diameter  and  is  laid  southwest  from 
the  box  to  San  Timoteo  Canyon.  This  company  owns  766  Bear  Yalley 
certificates.  Class  A,  and  5.71  miner's  inches  of  deeded  water.  It  sup- 
plies from  700  to  800  acres  of  land  with  water.  The  company  is  incor- 
porated.   Water  is  distributed  in  cement  pipes. 

The  East  Eedlands  Water  Company  irrigates  450  acres  of  land 
between  Crafton  and  Eedlands.  Its  water  right  is  obtained  from  214 
Crafton  Water  Company  certificates  for  0.14  miner's  inch  each.  It  is 
an  incorporated  company.  Its  distribution  is  in  cement  pipes  from  the 
canals  of  the  Bear  Yalley  Company  and  the  Crafton  Company. 

BEAR  VALLEY  IRRIGATION  COMPANY. 

The  Bear  Yalley  reservoir  site  was  first  surveyed  by  Fred  Perris, 
for  the  California  State  engineer,  in  1880.  The  first  person  to  promote 
actively  the  construction  of  the  dam  was  F.  E.  Brown,  a  graduate  of 
Yale  University,  who  was  teaching  in  San  Bernardino  Yalley  at  the 
time.  Mr.  Brown  formed  a  comi)any  in  San  Bernardino,  which  pur- 
chased lands  in  the  Bear  Yalley  reservoir  site,  owned  by  the  Southern 
Pacific  Comi)any  and  others.  Construction  on  the  dam  was  begun  in 
1883  and  finished  in  1884. 

In  1886  contracts  with  the  ]^orth  Fork  and  South  Fork  associations 
of  Highlands  and  Eedlands,  respectively,  were  entered  into  after  much 
negotiation  on  the  part  of  the  water  companies.  The  reservoir  com- 
pany contracted  with  the  i^"orth  Fork  company  to  supply  them  with 
water  as  follows:  June,  560  miner's  inches;  July,  600  miner's  inches; 
August,  600  miner's  inches;  September,  500  miner's  inches;  October, 
450  miner's  inches;  November,  400  miner's  inches;  or  an  average  sup- 
ply of  508  miner's  inches  monthly  for  six  months  each  year. 

The  reservoir  company  purchased  a  half  interest  in  the  North  Fork 
canal,  and  agreed  to  pay  one-half  of  the  expense  of  enlarging  the  sys- 
tem and  operating  it.  The  canal  company  in  return  made  a  tentative 
agreement  by  which  the  reservoir  company  could  use  its  canals  for 
one-half  their  capacity  for  conveying  water  to  its  i)atrons. 

The  agreement  with  the  South  Fork  ditch  or  Sunnyside  Company 
was  to  deliver  to  this  canal,  at  the  Sunnyside  divide,  466.67  miner's 
inches  from  May  to  October,  inclusive.  The  reservoir  company  enlarged 
the  canals,  and  has  since  operated  them,  though  a  failure  to  comply 
with  the  contracts  will  cause  them  to  forfeit  all  rights.  In  considera- 
tion of  these  agreements  the  canal  companies  concede  all  their  rights 
on  the  river  to  the  reservoir  company,  which  is  permitted  to  store 
water  and  regulate  it  at  will. 

The  Bear  Yalley  Irrigation  Company  was  organized  by  those  con- 
trolling the  Bear  Yalley  Land  and  Water  Company,  which  constructed 
the  works.  The  new  company  was  incorporated  for  $4,000,000,  and 
one-half  of  the  stock  was  paid  to  the  Bear  Yalley  Land  and  Water 
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CoiupaDy  for  its  plant.  As  an  evidence  of  tlie  vahie  of  the  plant  at 
this  time,  all  of  the  3fii)0  shares  of  the  land  and  water  company  not 
controlled  by  the  new  company  were  bought  in  by  the  parties  manag- 
ing the  sale  at  $200  per  share,  which  represents  a  total  value  of 
$720,000.  The  new  company  assumed  all  of  the  obligations  of  the 
old  company. 

The  remaining  stock  was  put  on  the  market  and  sold  at  prices  rang- 
ing from  par  to  $160  per  share.  The  company  paid  15  per  cent  divi- 
dends on  this  stock  for  a  number  of  years,  largely  from  the  sale  of 
bonds  of  irrigation  districts  paid  to  it  for  the  delivery  of  water,  which 
in  large  part  it  has  never  supplied.  It  is  scarcely  necessary  to  say 
that  a  wreck  came.  The  failure  of  this  company  has  done  more  to  . 
injure  arid  America  in  general,  and  irrigation  in  particular,  than  any 
other  one  disaster.  It  occupied  so  prominent  a  i30sition  at  home  and 
abroad,  and  had  been  so  repeatedly  quoted,  that  its  collapse  was  a 
widespread  advertisement  for  ill.  The  personal  sufferings  of  the  vic- 
tims from  stock  and  water  sales  still  haunt  the  land.  Its  failure  is 
admitted  by  all  to  be  due,  not  to  the  lack  of  natural  opportunities,  for 
these  were  so  vast  that  it  made  it  possible  for  them  to  obtain  such 
astonishing  credit,  but  to  bad  management.  The  company  has  been  in 
the  hands  of  a  receiver  since  1894. 

The  reservoir  is  a  remarkably  line  one,  having  few  equals  in  southern 
California.  Following  is  given  a  table  of  capacities  with  maximum 
heights  of  water  at  dam,  ranging  from  10  to  120  feet,  taken  from  the 
Bear  Yalley  Irrigation  Company's  surveys : 


Capacitica  of  Bear  Valley  reservoir. 


Depth  of  water  at  dam. 

Capacity. 

Depth  of  water  at  dam. 

Capacity. 

Feet. 

10  

Acre-feet. 
14 
52 
159 
411 
1,558 
3,  347 
1, 166 
13,  358 
21, 139 
I)  26,  463 

Feet. 

55  

Acre-feet. 
30,  010 

34,  040 

40,  476 

52,  428 

65,  065 

95,  500 

131, 100 

171,  200 

214,  850 

260, 836 

15  

57  

20  

60  

25  

65  

30  

70  

35  

80   

40  

90  

45  

100  

50  

110  

53  

120  

1 

a  1  acre-foot  is  equal  to  43,560  cubic  feet,  which  is  equal  to  1  acre  covered  1  foot  deep,  or  7.2  six- 
month  miner's  inches. 
h  Present  capacity. 


The  reservoir  site  is  evidently  an  old  lake  bed,  the  waters  from  which 
have  eroded  their  way  through  to  Bear  Creek.  The  walls  of  the  nar- 
row opening  are  granite.    A  shallow  lake  now  exists  at  the  extreme 
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eastern  end  of  Bear  Valley  which  might  be  included  in  the  reservoir 
site  by  building  a  dam  120  feet  high.  The  eastern  outlet  of  this  lake 
drains  toward  Mohave  Desert,  and  would  in  this  case  have  to  be  closed. 

RAINFALL  AND  RUN-OFF. 

* 

These  subjects  are  discussed  in  the  general  description  of  Santa  Ana 
River,  on  page  508.  The  rainfall  at  the  Bear  Valley  dam,  as  recorded 
by  the  company,  from  September,  1893,  to  September,  1895,  averaged 
53.70  inches,  the  minimum  being  37  per  cent  and  the  maximum  176  per 
cent  of  the  mean.  A  comparison  in  detail  with  other  local  records  indi- 
cates a  lack  of  accuracy  in  this  record. 

The  northeastern  portion  of  the  basin  is  exposed  to  the  dry  north- 
western winds,  which  beat  back  and  absorb  the  moisture  from  the  rain 
clouds  that  approach  from  the  southwest.  The  rainfall  of  the  Pacific 
coast  in  the  mountain  regions  rapidly  decreases  to  the  east  of  the  crest 
of  the  range,  but  is  locally  heaviest  just  beyond  the  crest.  The  Bear 
Valley  Basin  is  peculiar  in  that  while  it  is  on  the  eastern  side  of  the 
range  it  drains  to  the  west.  The  result  is  that  Avhile  the  rainfall  record 
just  beyond  the  crest,  at  the  Bear  Valley  dam,  may  be  53.70  inches,  the 
average  during  the  last  five  years  at  Upper  Holcomb  Valley,  which  is 
over  the  divide  in  the  Bear  Valley  drainage  basin,  11  miles  east  of  the 
crest,  is  14.09  inches.  A  comparison  based  on  a  record  of  twenty-seven 
years  at  San  Bernardino  indicates  a  mean  rainfall  of  15  inches  at  Upper 
Holcomb  Valley.  The  average  for  this  basin  is  probably  not  more  than 
40  inches.  Based  on  the  record  at  the  dam  this  would  give  a  minimum 
for  the  basin  of  15  inches  and  a  maximum  of  70  iuches. 

While  it  is  difficult  to  determine  the  rainfall  of  this  basin,  it  is  more  dif- 
ficult to  determine  the  run-oft'.  The  character  of  the  rains  and  the  way 
the  storms  are  grouped  affect  the  results,  as  well  as  evaporation,  soil, 
and  exposure.  The  basin  is  jirobably  second  class  in  respect  to  run-off. 
It  is  largely  covered  with  soil  of  a  porous  nature,  and  there  is  consider- 
able vegetation.  The  mountains  are  not  rugged.  The  area  is  54  square 
miles.  An  estimate  based  upon  observations  in  other  portions  of  the 
State,  under  conditions  somewhat  similar,  would  lead  to  the  following 
conclusions :  The  maximum  run-ofi*  ought  to  be  as  great  as  14,000  six- 
month  miner's  inches  (280  second-feet),  the  minimum  is  probably  as  low 
as  1,500  such  inches  (30  second-feet),  and  the  mean  might  be  expected 
to  be  4,000  such  inches  (80  second-feet). 

These  figures  are  merely  approximations  based  on  other  localities. 
The  company  has  compiled  this  information,  but  withholds  it  pending 
certain  litigation. 

The  present  capacity  of  tlie  reservoir  with  its  dam  is  about  3,700  six- 
month  miner's  inches  (74  second  feet).  The  hold-over  for  minimum 
years  should  be  at  least  1,100  six-month  miner's  inches  (22  second-feet), 
which  would  make  available  for  sale  from  the  reservoir,  ai)proximately, 
2,600  six-month  miner's  inches  (52  second-feet),  or  one-half  the  sum  of 
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a  miniiiium  year  and  tlie  capacity  of  a  full  reservoir,  from  which 
evaporation  should  be  deducted. 

The  minimum  summer  flow  of  Santa  Ana  Eiver  should  also  be  con- 
sidered. On  July  27,  1896,  this  was  709  miner's  inches  above  the 
junction  of  Bear  Creek,  which  would  probably  more  than  make  good 
the  loss  by  evaporation  from  the  reservoir.  The  latter,  which  has  to  be 
considered  on  reserve  water  for  one  and  one-half  years,  has  been  esti- 
mated as  15  i)er  cent.  The  outflow  of  Santa  Ana  Basin  during  the 
period  of  drought  in  August,  1898,  was  2,300  miner's  inches. 

The  following  statement  of  the  obligations  of  the  company  for  the 
delivery  of  water  is  taken  from  a  paper  filed  with  the  company  by  John 
G.  ^N^orth,  of  Eiverside,  California,  on  March  7, 1893,  at  a  full  meeting  of, 
the  board  of  directors,  protesting  against  a  declaration  of  a  dividend  by 
the  company  in  the  face  of  its  obligations. 

The  amount  of  water  sold  by  the  Bear  Valley  Company  in  1893  was 
as  follows:  7,200  Class  A  certificates,  for  .14  miner's  inch  each,  1,028.57 
miner's  inches  5  73,875  Class  B  certificates,  for  .13  miner's  inch  each, 
9,209.38  miner's  inches;  water  conveyed  by  deed  (approximately),  539 
miner's  inches;  total,  10,777  miner's  inches.  This  supply  is  for  a  con- 
tinuous flow.  There  was  also  due  the  North  Fork  ditch,  of  guaranteed 
water,  508  six-month  miner's  inches  and  to  the  South  Fork  467  six- 
month  miner's  inches,  making  a  total  of  11,752  miner's  inches  in  all. 

The  certificates  referred  to  are  contracts  to  deliver  water,  and  were 
sold  by  the  company  to  the  irrigators.  At  this  time  the  company  was 
paying  15  per  cent  dividends  on  an  immense  stock  issue,  and  its  credit 
was  of  the  best.  The  protests  of  Mr.  ivTorth  were  in  vain,  but  the  sub- 
sequent history  of  the  company  has  justified  his  position.  Many  of 
the  contracts  with  the  irrigators  have  never  been  fulfilled,  and,  as  has 
been  said,  the  company  is  in  the  hands  of  a  receiver. 

The  rights  for  this  tremendous  amount  of  water  were  paid  for,  and 
exist  against  the  company.  It  has  never  been  clearly  understood  how 
this  water  was  to  be  collected  and  delivered.  The  flow  of  Santa  Ana 
Eiver,  from  its  entire  basin  of  188  square  miles,  from  July  1, 1896,  to 
July  1, 1897,  was  approximately  8,650  miner's  inches,  six  months'  flow. 
A  new  dam  at  Bear  Valley,  to  be  100  feet  high,  has  been  started,  but 
it  is  unfinished,  and  the  Santa  Ana  canal  is  not  one-third  complete. 
Both  have  been  abandoned.  It  is  stated  that  it  was  tl^e  intention  of 
the  company  to  carry  the  winter  waters  of  Santa  Ana  and  Mill  creeks 
over  to  San  Jacinto  Lake,  in  the  Santa  Ana  canal,  which  was  to  have 
a  final  capacity  of  12,000  miner's  inches.  This  consummation  at  pres- 
ent seems  quite  remote.  The  waters  stored  in  San  Jacinto  Lake  could 
be  used  at  Ferris,  but  not  in  San  Bernardino  Valley  nor  at  Alessandro 
and  Moreno.  A  public  record  of  the  available  water  supply  would 
have  prevented  much  of  the  consequent  misery  and  financial  loss. 
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BEAR  VALLEY  DAM. 

Bear  Yalley  dam  was  designed  by  Mr.  F.  E.  Brown,  of  Eedlands,  Cali- 
fornia. It  has  been  described  by  Schuyler  in  the  Eighteenth  Annual 
Eeport  of  this  Survey,  Part  IV,  pi).  682-685. 

The  structure,  from  an  engineering  standpoint,  is  the  most  interest- 
ing in  southern  California.  Considered  as  a  gravity  dam,  with  the 
weight  of  the  masonry  alone  to  resist  the  water  jiressure  of  a  full  reser- 
voir, it  should  have  failed  immediately,  but  it  has  not  only  stood  this 
pressure,  but  also  the  thrust  of  a  sheet  of  ice  2  feet  in  thickness  and 
has  remained  and  done  effective  service  for  thirteen  years  (PI.  LXIII). 

It  is  a  fact  accepted  by  engineers  that  when  the  resultant  of  two 
forces — the  weight  of  the  masonry  acting  vertically  through  the  center 
of  gravity  of  any  cross  section  of  the  dam  and  the  pressure  of  the 
water  acting  at  right  angles  to  its  water  face  and  applied  at  two-thirds 
of  the  depth  on  the  face — passes  outside  of  the  toe  of  the  dam  before 
intersecting  the  base,  the  structure  will  revolve  around  the  outer  toe 
and  fail.  It  is  generally  considered  good  practice  to  require  this  inter- 
section to  come  not  only  within  the  base  of  the  dam  but  within  the 
middle  third  of  the  base.  In  the  case  of  this  dam  this  intersection  is  far 
outside  the  outer  toe  and  the  overturning  force  is  much  greater  than 
the  gravity  of  the  dam. 

In  fact,  it  would  seem  as  if  this  structure  had  been  built  in  special 
defiance  of  orthodox  principles  of  dam  construction.  It  is  thus  neces- 
sary to  look  elsewhere  thah  to  gravity  for  an  exi)lanation  of  its  stabil- 
ity. When  anything  proves  true  in  practice  which  seems  untrue  in 
theory,  the  trouble  is  that  the  conditions  are  not  sufficiently  under- 
stood to  form  a  complete  and  correct  theory.  In  this  case  the  explan- 
ation is  sought  in  the  arch  form  of  the  dam,  the  idea  being  that  the 
thrust  of  the  water  is  conveyed  to  the  abutments,  as  in  the  case  of  a 
vertical  stone  arch.  The  difficulty  in  accepting  this  explanation  is 
that  the  vertical  arch  performs  its  duty  by  the  crown  being  com- 
pressed enough  to  change  its  form  slightly,  so  that  the  compression  of 
the  masonry  conveys  the  load  to  the  abutments.  In  the  case  of  this 
dam,  which  is  on  its  side  as  compared  to  the  vertical  arch,  its  lower 
side,  or  rather  the  foundation  of  the  dam,  is  sealed  to  the  bed  rock  of 
the  canyon  floor,  and  to  move  it  is  to  break  this  connection,  which 
would  at  once  cause  the  dam  to  fail.  The  question  has  been  the  sub- 
ject of  a  great  deal  of  discussion  by  many  eminent  engineers^  the 
conclusions  being  greatly  at  variance.  The  technical  reader  is  referred 
to  a  paper  concerning  this  dam,  read  by  Herbert  Vischner  and  Luther 
Wagoner  before  the  Technical  Society  of  the  Pacific  Coast,'  and  for  a 
description  of  the  Sweetwater  dam  near  San  Diego,  to  a  paper  by 
James  D.  Schuyler,  consulting  engineer,  in  the  Transactions  of  the 
American  Society  of  Civil  Engineers.^ 

'Strains  in  curved  and  masonry  dams,  by  H.  Vischner  and  L.Wagoner:  Tech.  Soc.  Pac.  Coast. 
Ifovember  1,  1889. 
2  Vol.  XIX,  p.  20L 
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The  conclusions  are  difficult  to  reach.  The  arch  apparently  can  not 
act  at  the  base  of  the  dam,  because  that  can  not  and  should  not  move, 
and  it  can  only  so  act  on  the  upper  portion  of  the  dam  as  the  elasticity 
of  the  masonry  will  permit.  Considered  in  this  way,  the  strains  must 
in  large  part  be  taken  up  and  transmitted  to  the  foundations,  as  well 
as  to  the  abutments.  The  paper  by  Messrs.  Vischner  and  Wagoner 
reaches  this  conclusion  : 

The  result  of  our  calculation  leads  us  to  conclude  that  arch  action,  as  usually 
understood,  adds  but  little  to  the  strength  of  a  curved  dam,  notwithstanding  which 
the  curved  form  may  to  a  very  marked  degree  afford  additional  resistance,  and  this 
in  a  manner  less  dependent  on  the  radius  of  the  curve  than  the  arch  theory  implies. 

The  dam  has  never  been  considered  satisfactorily  safe.  In  fact,  the 
only  reason  assigned  for  its  frail  section  was  the  cost  of  cement  at 
the  dam,  $15  per  barrel,  on  account  of  the  70-mile  mountain  haul. 
The  masonry  is  granite  rubble  in  large  blocks.  There  are  34,000  cubic 
feet  of  masonry  and  1,600  barrels  of  cement  in  the  structure.  The 
masonry  cost  $22  per  cubic  yard,  with  a  total  cost  of  $75,000. 

The  outlet  is  through  a  gate  20  by  24  inches  in  a  culvert  on  bed  rock 
in  the  lowest  portion  of  the  depression.  It  is  operated  by  a  rod  through 
a  6-inch  pipe.  All  of  the  timber  was  left  standing  in  the  reservoir  and 
has  given  much  trouble,  among  other  things  interfering  with  the  opera- 
tion of  this  gate.  The  spillway  is  8.5  feet  below  the  top  of  the  dam  and 
is  20  feet  wide. 

Several  efforts  have  been  made  to  strengthen  the  dam;  the  fill  seen 
in  PI.  LXIII  being  one  of  them.  Concrete  has  also  been  used  to 
strengthen  the  foundations.  In  1892  a  new  dam  was  started  about  200 
feet  down  the  canyon  from  the  old  one.  The  new  dam  was  planned  to 
be  100  feet  high;  the  top  would  then  have  been  20  feet  or  more  above 
the  old  one.  This  dam  had  its  upper  toe  of  first-class  masonry  built 
on  bed  rock.  The  lowest  toe  is  built  in  a  similar  way,  as  shown  in 
PI.  LXIII.  The  remaining  portion  of  the  dam  was  to  be  built  dry, 
one-third  of  the  bulk  on  each  face  to  be  laid  up  by  hand  dry,  and  the 
inner  two-thirds  to  be  of  dumped  rock  in  whatever  form  they  might 
assume.  The  slope  on  the  water  face  was  0.4  to  1  and  on  the  outer  face 
0.6  to  1.  Timbers  were  so  built  in  the  upper  face  as  to  permit  of  put- 
ting on  a  plank  apron.  This  dam  was  designed  by  William  Hammond 
Hall,  consulting  engineer,  but  the  financial  affairs  of  the  company 
prevented  its  completion. 

DIVISION  OF  WATER. 

In  the  discussion  of  the  North  and  South  Fork  ditches  the  arrange-, 
ments  for  the  division  of  water  are  treated  at  length,  as  is  also  the 
Alessandro  allotment  (see  pp.  573-583).  The  following  is  a  summary  of 
the  distributing  conduits  of  the  company: 

NORTH-SIDE  SYSTEM. 

North  ForJc  ditch  (capacity,  1,500  miner's  inches). — Beginning  at  a 
point  at  or  near  Santa  Ana  Canyon  in  the  SW.  J  sec.  4,  T.  1  S.,  K.  2 
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W.,  and  running  in  a  northwesterly  direction  along  the  base  of  the 
mountains  to  a  point  west  of  City  Creek  on  the  south  line  of  sec.  28,  T. 
1  i^T.,  E.  3.  W. ;  thence  to  the  southeast  corner  of  sec.  29^  T.  1  N.,  E.  3 
W.,  having  a  total  length  of  8  miles. 

The  Beaver  Yalley  Company  owns  an  indivisible  half  interest  in  this 
ditch,  and  the  right  to  run  one-half  the  capacity,  namely,  750  miner's 
inches. 

Highlands  ditch  (capacity,  1,500  miner's  inches). — Beginning  at  a 
point  near  the  North  Fork  ditch  in  the  NW.  ^  sec.  34,  T.  1  N.,  E.  3  W., 
and  running  in  a  northwesterly  direction  along  the  base  of  the  moun- 
tains to  a  point  near  the  west  line  of  sec.  19,  T.  1  N.,  E.  3  W.,  having  a 
length  of  4  miles. 

North  San  Bernardino  pipe  line  (capacity,  1,400  miner's  inches). — 
Beginning  at  the  end  of  the  Highlands  ditch  at  a  point  near  the  west 
line  of  sec.  19,  T.  1  i^^.,  E.  3  W.,  and  running  west  to  the  northeast 
corner  of  ^forth  and  San  Bernardino  streets,  having  a  length  of  2 
miles  5  thence  south  1  mile. 

SOUTH-SIDE  SYSTEM. 

Green  Spot  pipe  line  (capacity,  455  miner's  inches). — Beginning  at  a 
point  on  Santa  Ana  Elver  in  the  J  sec.  4,  T.  1  S.,  E.  2  W.,  and  run- 
ning southerly  to  a  point  on  the  Mill  Creek  zanja  in  the  SE.  ^,  sec.  21, 
T.  1  S.,  E.  2  W.,  having  a  length  of  3^  miles. 

Bear  Yalley  and  Redlands  canal  (capacity,  3,300  miner's  inches). — 
Beginning  at  a  point  near  the  south  of  Santa  Ana  Canyon  in  the  NE.  J 
sec.  8j  T.  1  S.,  E.  2  W.,  and  running  in  a  southeasterly  direction  through 
the  town  of  Mentone  and  continuing  in  the  same  general  direction  to 
Eedlands  reservoir  at  the  head  of  Eeservoir  street  in  the  city  of  Eed- 
lands,  having  a  length  of  5^  miles. 

Cajon  street  pipe  (capacity,  600  miner's  inches). — Beginning  at  the 
Eedlands  reservoir  at  the  head  of  Eeservoir  street  in  the  city  of  Eed- 
lands, thence  southwesterly  to  the  divide  at  the  head  of  Cajon  street 
in  the  city  of  Redlands,  having  a  length  of  one-half  mile,  and  consist- 
ing in  part  of  1,900  feet  of  30-inch  cement  pipe  and  900  feet  of  18-inch 
No.  14  steel  i)ipe. 

Judson  &  Brown  ditch  (capacity,  550  miner's  inches). — Beginning  at 
a  point  in  the  Bear  Yalley  and  Eedlands  canal,  about  one-fourth  of  a 
mile  below  the  head  of  the  same,  which  point  is  situated  in  the  SE.  J 
sec.  8,  T.  1  S.,  E.  2  W.,  and  running  in  a  southeasterly  direction  west 
of  the  Bear  Yalley  and  Eedlands  canal  to  a  point  in  said  Bear  Yalley 
and  Eedlands  canal  about  800  feet  southeastly  from  the  sycamore  tree 
near  the  Sunnyside  divide,  which  point  is  in  the  NE.  ^  sec.  19,  T.  1  S., 
E.  2  W.,  having  a  length  of  2^  miles. 

Lugonia  avenue  pipe  line  (capacity,  1,000  miner's  inches). — Beginning 
at  a  point  on  the  Bear  Yalley  and  Eedlands  canal  at  the  crossing  of 
Lugonia  avenue  in  the  town  of  Mentone  and  running  west  along  said 
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Lugoilia  avenue  to  a  point  in  the  center  of  tlie  Williams  tract,  which 
point  is  the  center  of  sec.  20,  T.  1  S.,  E.  3  W.,  having  a  length  of  4 J 
miles. 

Santa  Ana  canal  (present  capacity,  6,000  miner's  inches). — Beginning 
at  a  i)oint  on  Santa  Ana  Eiver  which  is  located  in  the  NE.  ^  sec.  34,  T. 
1  JS".,  E.  2  W.,  thence  southeasterly  along  the  southeastern  slope  of 
Santa  Ana  Canyon,  crossing  Warm  Springs  Canyon  and  continuing  to 
a  x)oint  on  the  ridge  north  of  Deep  Creek,  thence  southerly  and  south- 
easterly, crossing  Deep  Creek,  Morton  Canyon,  and  Mill  Creek  wash 
at  the  head  of  the  Alessandro  pipe  line,  which  point  is  located  in  or 
near  the  center  of  the  N.  ^  sec.  22,  T.  1  S.,  E.  2  W.,  having  a  length  of 
5J  miles. 

Alessandro  pipe  line  (capacity,  875  miner's  inches). — Beginning  at 
the  end  of  the  present  construction  of  the  Santa  Ana  canal  on  the 
south  side  of  Mill  Creek  wash,  which  point  is  located  near  the  center 
of  the  N.  i  sec.  22,  T.  1  S.,  E.  2  W.,  thence  southwesterly  along  the 
slopes  of  Crafton  Hill  through  Blair's  Pass,  crossing  Yucaipe  Yalley 
and  Live  Oak  and  San  Timoteo  canyons  and  continuing  to  the  north  end 
of  the  Alessandro  tunnel,  which  point  is  located  in  the  NE.  ^  sec.  26, 
T.  1  S.,  E.  3  W.,  having  a  length  of  9.7  miles. 

ALESSANDRO  AND  FERRIS  SYSTEM. 

Moreno  main  canal  (capacity,  1,500  miner's  inches). — Beginning  at 
the  south  end  of  the  Alessandro  tunnel,  which  is  in  the  SE.  J  sec.  26, 
T.  2  S.,  E.  3  W.,  running  thence  southeasterly  to  the  Alessandro  res- 
ervoir, which  is  located  in  the  NW.  J  sec.  36,  T.  2  S.,  E.  2  W.,  at  the 
head  of  the  Eedlands  boulevard  of  the  Alessandro  tract,  having  a 
length  of  one-half  mile. 

Eedlands  honlevard flume  (capacity,  700  miner's  inches). — Beginning  at 
the  Alessandro  reservoir  at  the  head  of  Eedlands  boulevard  and  run- 
ning thence  south  along  said  boulevard  to  the  head  of  the  Eedlands 
boulevard  pressure  pipe,  which  is  about  200  feet  north  of  Hemlock 
avenue,  having  a  length  of  1  mile. 

Redlands  boulevard  pressure  pipe  (capacity,  500  to  50  miner's  inches). — 
Beginning  at  the  head  of  the  Eedlands  boulevard  flume  on  Eedlands 
boulevard  at  a  point  about  200  feet  north  of  Hemlock  avenue  and  run- 
ning thence  south  along  said  Eedlands  boulevard  through  the  town  of 
Moreno  to  Cactus  avenue,  which  is  the  south  boundary  of  the  Alessan- 
dro tract  at  this  point,  having  a  length  of  2^  miles. 

Manzanita  avenue  ditch,  flume,  and  pipe  (capacity,  300  miner's 
inches). — Beginning  at  a  i)oint  in  the  Moreno  main  canal  at  or  near 
Manzanita  avenue,  running  thence  west  and  southwest. 

Ironwood  avenue  flume  and  pipe  (capacity,  200  miner's  inches). — 
Beginning  at  a  point  in  the  Eedlands  boulevard  flume  on  Ironwood 
avenue,  thence  east  along  said  Ironwood  avenue  to  the  northeast  cor- 
ner of  lot  4,  block  9,  of  the  Alessandro  tract,  thence  southeasterly  to 
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the  northeast  corner  of  lot  8,  block  32,  of  said  tract,  having  a  length  of 
1^  miles. 

Grevilla  flume  (capacity,  650  to  400  miner's  inches). — Begin- 

ning at  a  point  on  Eedlands  boulevard  at  end  of  Eedlands  boulevard 
flume,  about  200  feet  north  of  Hemlock  avenue,  thence  southwesterly 
to  and  along  Grevilla  avenue  to  a  point  on  Lassell  street,  about  200  feet 
north  of  Grevilla  avenue,  thence  northwesterly  to  a  point  near  the 
schoolhouse  on  the  corner  of  Judson  street  and  Iron  wood  avenue, 
having  a  length  of  4J  miles. 

Grevilla  avenue  temporary  flume  (capacity,  200  to  100  miner's  inches). — 
Beginning  at  a  point  on  the  Grevilla  avenue  flume  and  pipe  line  on 
Morrison  street,  thence  westerly  to  and  along  Grevilla  avenue  to  Judson 
street,  having  a  length  of  1 J  miles. 

Cottonwood  avenue  pressure  pipe  (capacity,  300  to  150  miner's  inches). — 
Beginning  at  a  point  on  the  Eedlands  boulevard  i)ressure  pipe  at  the 
intersection  of  Eucalyptus  avenue  and  Eedlands  boulevard,  running 
thence  southwesterly  to  the  corner  of  Cottonwood  avenue,  making  a 
slight  detour  to  the  south  at  Oliver  street,  to  a  point  on  Cottonwood 
avenue  660  feet  east  of  Lassell  street,  having  a  length  of  6  miles. 

Oliver  street  pressure  pipe  (capacity  unknown) — Beginning  at  a  point 
in  the  Cottonwood  avenue  pressure  pipe  on  Oliver  street  and  running 
south  along  Oliver  street  to  or  about  the  south  boundary  of  the  Ales- 
sandro  tract,  having  a  length  of  2  miles,  more  or  less. 

Ferris  pressure  pipe  (capacity,  420  to  210  miner's  inches). — Beginning 
at  the  end  of  the  Grevilla  avenue  flume  and  pipe  at  a  point  near  the 
schoolhouse  at  the  corner  of  Judson  street  and  Iron  wood  avenue,  thence 
running  southwesterly  to  the  corner  of  Alessandro  boulevard  and 
Elsworth  street,  thence  south  along  Elsworth  street  through  the  town 
of  Alessandro  to  the  Ferris  well,  at  the  head  of  wooden  pipe,  which  is 
located  near  the  quarter  corner  on  the  south  line  of  sec.  35,  T.  3  S.,  E. 
4  V^^.,  and  being  on  the  dividing  line  between  the  Alessandro  and  Ferris 
districts,  having  a  total  length  of  7  miles. 

Distribution  system^  Alessandro  district. — A  lateral  system  of  conduits 
composed  of  vitrified  cement  and  steel  pipe,  flumes,  and  ditches  aggre- 
gating in  length  over  75  miles  and  covering  about  10,000  acres  of  land, 
with  delivery  at  the  highest  point  of  each  10-acre  tract. 

The  townships  and  ranges  referred  to  in  the  above  statements  are 
all  from  the  San  Bernardino  base  and  meridian,  and  the  streets  and 
avenues  noted  in  the  description  of  the  Alessandro  and  Ferris  system 
are  those  of  the  Alessandro  tract. 

Where  water  is  distributed  to  the  irrigators  in  pressure  pipes  and  it 
is  necessary  to  measure  it  as  delivered,  some  device  for  stilling  the  jet 
before  passing  the  water  over  a  weir  is  needed.  To  meet  these  condi- 
tions, Mr.  James  Black  designed,  for  the  Lugonia  avenue  pipe  line  at 
Eedlands,  California,  the  measuring  box  shown  in  fig.  197.  The  water 
is  discharged  from  the  pipe  against  the  end  of  the  box  away  from  the 
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weir,  and  is  passed  through  tw^o  compartments  through  openings  but  4 
inches  wide,  shown  at      b,  before  entering  the  third  comi)artment, 
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Fig.  197. — Vertical  and  horizontal  sections  of  measuring  box  for  4:-incli  pressure  pipe  on  Lugonia 

avenue  pipe  line. 


which  acts  as  the  weir  bay,  from  which  it  passes  quietly  over  the  weir. 
This  is  a  simple  and  satisfactory  arrangement. 
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Numerous  details  of  interest  are  to  be  found  in  the  method  of  distri- 
bution of  water  from  the  various  canals  and  pipe  lines  taking  water 
from  the  system  of  the  Bear  Valley  Comi)any.  These  matters  have  been 
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Fig.  198. — Check  used  on  Bear  Valley  canals  where  water  has  low  velocity. 


discussed  in  part  on  pages  555  to  559,  with  the  description  of  the  Grafton 
system.  The  various  forms  of  stops,"  by  which  the  height  of  the 
water  flowing  in  a  canal  can  be  temporarily  increased  for  diversion 
purposes,  are  shown  in  figs.  198  199,  and  200.    The  purpose  of  these 
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Fig.  199. — Check  vised  on  Bear  Valley  canals  where  water  has  a  velocity  of  iiom  1  to  8  feet  per  second. 


stops  or  checks  is  to  raise  the  elevation  of  the  water  in  the  canal  tem- 
1  orarily  from  its  ordinary  height,  so  that  it  will  flow  over  weirs  con- 
nected with  the  sides  of  the  canal  and  leading  to  orchard  laterals. 
19  GEOL,  PT  4  38 
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The  clieck  shown  in  fig.  198  is  used  where  the  canal  has  a  low  velocity, 
permitting  the  handling  of  flashboards.    When  desired  the  frame  shown 


Fig.  201. — Plan  of  weir  used  in  measuring  water  from  the  orchard  laterals. 


is  lowered  in  grooves  vertically  and  enough  flashboards  inserted  to 
raise  the  water  to  the  desired  height. 
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The  form  illustrated  by  fig,  199  is  used  where  the  velocities  are  as 
high  as  from  4  to  8  feet  per  second.  In  this  case  the  gate  is  held  by 
1-iuch  iron  rods,  which  are  hinged  at  a  and  rigid  at  h.  The  hinges  a 
are  fastened  to  a  timber  laid  across  the  canal.  When  the  canal  is 
normal  the  gate  is  lifted  entirely  from  the  water.  When  it  is  desired 
to  raise  the  elevation  of  the  water  for  diversion  purposes  the  gate  is 
dropped  into  the  canal,  where  it  acts  as  an  inclined  weir,  the  weight  of 
the  passing  water  holding  it  down  in  position.  The  hinged  rods  x^ermit 
it  to  be  easily  lifted  out  of  the  water  when  desired. 

Fig.  200  shows  a  check  which  is  also  used  in  canals  of  high  velocity. 
In  this  case  a  heavy  wire  or  chain,  a,  is  substituted  for  the  iron  rod  of 
tig.  199.    A  lever,  h,  is  attached  to  the  check  or  gate  to  which  a  ro^te,  c, 
is  fastened.    When  not  in  use  the 
clieck  is  laid  on  the  side  of  the  canal. 
When  put  into  service  it  is  placed  in 
the  canal,  where  it  at  first  floats. 

By  drawing  on  the  cord,  c,  the  lower 
end  is  given  a  downward  inclination 
and  the  passing  water  forces  it  to  the 
bottom  of  the  canal.  The  elevation 
of  the  top  of  the  check  is  regulated 
by  drawing  on  the  cord,  which  is  then 
tied  to  a  post  set  in  the  bank  of  the 
canal.  When  the  cord  is  untied  the 
gate  again  floats  on  top  of  the  water 
and  is  readily  removed.  This  form 
of  check  in  high  velocities  is  liked 
best  by  the  ditch  tenders. 

Fig.  201  illustrates  one  method  of 
measuring  the  water.  By  means  of 
checks  in  the  canal  the  surface  is 
raised  until  the  water  flows  out 
through  an  opening  in  the  side  of 
the  canal,  which  in  this  case  is  10  inches  in  diameter.  It  is  discharged 
into  a  rectangular  compartment  containing  a  screen  to  remove  any  float- 
ng  sticks  or  weeds.  The  water  passing  through  this  screen  acquires  a 
comparatively  uniform  velocity,  the  wave  motion  being  checked.  From 
the  screen  it  passes  over  a  sharp  edged  weir,  upon  which  the  height 
can  be  accurately  measured  and  the  quantity  determined  by  suitable 
computation.  Falling  over  the  weir  the  water  passes  into  a  smaller 
compartment  and  out  to  the  irrigating  ditch  through  a  10-inch  outlet. 

One  of  the  most  urgent  demands  of  the  modern  irrigation  systems  is 
for  some  form  of  module  to  take  the  place  of  the  weir  just  described 
and  which  shall  be  free  from  the  irregularity  to  which  this  is  neces- 
sarily subject.  An  irrigating  gate  made  in  Santa  Ana,  California,  and 
shown  in  fig.  202,  has  been  found  successful. 


Fig.  202. — Elevation  and  section  of  Watson 
irrigating  gate. 
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This  is  raised  or  lowered  to  the  desired  height  by  the  standard  trav- 
eling in  the  guide  shown  on  the  cross  section. 

The  valve  has  a  rubber  gasket  that  bears  on  the  valve  seat,  making 
a  tight  joint.  There  is  an  eccentric  fast  on  the  shaft,  which  when 
turned  tightens  or  relieves  the  bearing  of  the  gate  on  its  valve.  The 
handle  is  turned  as  in  the  case  of  a  railroad  switch  stand,  and  it  maybe 
locked  in  place.  It  turns  the  shaft,  but  is  raised  and  lowered  on  it  for 
locking.  The  gate  is  set  with  a  discharge  pipe  leading  to  a  weir  and  is 
adjusted  so  that  the  desired  head  is  obtained. 

ALESSANDRO  IRRIGATION  DISTRICT. 

In  the  spring  of  1891  the  Bear  Valley  Irrigation  Company,  which  had 
just  been  organized  and  had  bought  all  of  the  plant  of  the  Bear  Valley 
Land  and  Water  Comi:>any,  in  return  for  stock,  made  arrangements 
with  certain  parties  residing  or  to  reside  upon  the  laud  known  as  the 
Alessandro  tract  to  act  as  trustees  of  an  irrigation  district  to  be  formed. 
There  were  very  few  voters  in  the  district,  which  contains  25,500  acres 
of  land,  but  an  election  was  held,  the  irrigation  district  organized,  and 
a  board  of  directors  chosen  of  men  either  in  the  employ  of  the  Bear 
Valley  Irrigation  Company  or  under  its  control.  The  Bear  Valley  Irri- 
gation Company  then  voted  an  issue  of  100,000  ''Class  B  acre  water- 
right  certificates,"  each  certificate  being  an  agreement  on  the  part  of 
the  Bear  Valley  Irrigation  Company  to  supply  the  holder  0.13  miner's 
inch  of  water,  measured  under  a  4-inch  pressure,  two  hundred  days  in 
the  year,  i^rovided  the  holder  paid  $2.56  per  annum  to  the  company  as 
a  fixed  charge.  Through  the  board  of  directors  above  mentioned  the 
Bear  Valley  Irrigation  Company  made  an  arrangement  by  which  it  sold 
to  the  Alessandro  irrigation  district  51,000  of  these  certificates  for  the 
total  sum  of  $765,000  in  bonds  of  the  district. 

This  water  was  to  be  delivered  as  follows : 


Miner's  inches. 

June  1,1891   500 

April  1, 1892   ,   1,  250 

April  1, 1893   2,  000 

April  1, 1894   2,  750 

April  1, 1895   ,   3,500 

April  1, 1896    4,  250 

April  1, 1897     5,  000 

April  1, 1898    5,  750 

April  1, 1899   6,  375 


These  bonds  were  issued  by  the  district  pursuant  to  an  election 
called  for  the  purpose  of  voting  such  bonds,  and  with  the  end  in  view 
of  exchanging  them  for  Class  B  acre  water-right  certificates.  The  bonds 
so  exchanged  for  certificates  comprised  the  whole  issue  for  the  district, 
amounting  to  $30  per  acre  upon  the  entire  district.  These  lands  were 
then  sold  to  colonists. 

These  bonds  were  taken  by  the  company  and  sold  or  pledged,  but 
the  proceeds,  instead  of  being  directed  to  the  construction  of  a  water 
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conduit  to  convey  the  water  from  the  reservoir  to  the  district,  or  in 
providing  increased  storage  capacity,  were  used  in  paying  dividends 
upon  its  cax)ital  stock,  the  price  of  which  rose  as  high  as  $160  j)er  share. 
The  x)ar  value  of  these  shares  was  $100.  More  than  $750,000  was  thus 
l)aid  out  in  dividends.  In  1894,  under  a  judgment  in  the  case  of  James 
Gilbert  Foster  v.  Bear  Valley  Irrigation  Comi)any,  a  receiver  was 
ai)pointed,  and  the  property  was  eventually  sold,  the  purchaser  taking 
the  i)roperty  subject  to  a  mortgage  or  deed  trust  for  $300,000  to  the 
Savings  and  Trust  Company,  of  Cleveland,  Ohio,  and  subject  to  the 
receiver's  certificates  which  had  been  issued  under  order  of  the  court 
during  the  receivership,  and  which  were  held  to  be  a  first  lien  upon  the 
property.    These  certificates  amounted  to  about  $121,000. 

In  September,  1895,  the  Savings  and  Trust  Com^iany,  mortgagee,  and 
also  holder  of  the  receiver's  certificates  above  mentioned,  brought  suit 
in  the  circuit  court  to  foreclose  the  liens  of  the  mortgage  and  tbe 
receiver's  certificates.  Under  this  foreclosure  suit  a  new  receiver  was 
appointed,  the  old  receiver  having  conveyed  to  a  new  corporation, 
known  as  the  Kew  Bear  Valley  Irrigation  Company,  the  title  to  the 
property  subject  to  the  liens  aforesaid. 

The  new  receiver  under  mortgage  foreclosure  has  held  the  possession 
of  the  property  since  the  beginning  of  the  present  action  in  foreclosure. 
In  the  meantime  the  residents  of  the  Alessandro  irrigation  district  are 
using  the  water  which  they  receive  to  the  maximum  amount  of  about 
700  or  800  miner's  inches,  and  which  is  conveyed  to  them  through  a 
pipe  line  of  that  capacity  from  the  Santa  Ana  Canyon,  about  20  miles 
distant.  During  the  summer  of  1898  less  than  100  miner's  inches  was 
delivered  to  these  lands.  The  district  is  called  upon  by  the  holders  of 
the  district  bonds  to  pay  interest  in  full  on  the  entire  bond  issue,  as  the 
present  holders  are  innocent  purchasers. 

Belying  on  a  decision  of  Judge  Boss  in  the  United  States  district 
court,  at  Los  Angeles,  in  the  case  of  the  Board  of  Supervisors  of  San 
Diego  V.  The  San  Diego  Land  and  Town  Comj^any,  which  decision  held 
that  no  company  can  sell  water,  but  can  charge  only  for  its  transfer, 
the  present  management  i)roposes  to  repudiate  the  water  contracts 
represented  by  its  water  certificates.  It  also  takes  the  position  that  it 
can  not  be  required  to  operate  its  plant  at  a  loss,  and  in  1896  fixed  as 
a  reasonable  compensation  a  charge  of  37  cents  for  a  run  of  1  miner's 
inch  for  twenty-four  hours,  which  at  0.25  miner's  inch  i)er  acre  for  two 
hundred  days  would  cost  the  irrigator  $17.50  for  the  season.  During 
the  summer  of  1897  the  charge  was  fixed  by  the  company  at  20  cents, 
which  would  amount  to  $10  per  acre.  The  district  has  asked  the 
supervisors  to  fix  the  rate  for  the  use  of  such  water  in  accordance  with 
law.  The  rate  has  been  fixed  and  the  users  are  in  litigation  with  the 
receiver  u])on  the  matter,  the  receiver  seeking  to  collect  a  higher  rate 
than  that  fixed  by  the  supervisors. 

The  settlers  within  the  district  have  over  3,000  acres  of  land  planted 
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and  cultivated  in  fruit,  and  were  also  making  a  success  of  the  horticul- 
tural industry.  The  district  would  be  one  of  the  most  thriving  and 
prosperous  settlements  in  California  were  it  not  for  the  handicap  which 
they  labor  under  in  the  matter  of  the  district  organization,  the  bond 
issue  which  they  are  now  fighting  in  the  courts,  and  the  water  compli- 
cations, which  bid  fair  to  furnish  abundant  litigation  for  some  time  to 
come. 

The  above  facts  are  not  related  for  the  x)urpose  of  making  public  a 
record  that  should  be  buried,  but  for  the  lesson  to  be  learned.  The 
Alessandro  and  Perris  districts  were  formed  under  the  celebrated  State 
law  known  as  the  Wright  Act,  the  constitutionality  of  which  has  been 
upheld  by  the  United  States  Supreme  Court.  There  are  other  cases  of 
like  nature  in  California,  showing  the  great  need  of  protection  to  the 
purchasers  of  land  and  water. 

SANTA  ANA  CANAL. 

The  Santa  Ana  canal  was  designed  to  carry  the  waters  of  Santa 
Ana  Eiver  and  its  main  tributary,  Bear  Creek,  as  well  as  the  waters 
turned  into  the  latter  stream  from  the  Bear  Valley  reservoir  in  times 
of  scarcity,  to  the  lands  of  the  Perris  and  Alessandro  districts,  some  15 
miles  from  the  head  works  of  the  canal.  When  this  work  was  started 
a  line  of  steel  pipe  of  a  capacity  of  900  miner's  inches  had  already 
been  constructed  from  Alessandro  to  Mill  Creek,  9.7  miles  of  the 
distance. 

The  capacity  of  this  canal  was  fixed  at  12,000  miner's  inches  (240 
second-leet),  but  the  main  portions  of  the  conduit  were  constructed  for 
a  capacity  of  only  one-half  of  this,  or  120  second-feet,  with  the  idea 
of  afterwards  enlarging  it.  It  was  not  supposed  that  Santa  Ana 
Eiver  and  its  tributaries  would  furnish  a  constant  supply  of  12,000 
miner's  inches,  but  it  was  intended  that  the  conduit  would  serve  to 
carry  the  surplus  waters  of  the  rainy  season  to  suitable  reservoirs, 
where  the  water  could  be  stored  and  distributed  to  users  when  needed 
in  the  summer  and  fall  months.  Bear  Creek  has  a  large  reservoir  near 
its  head  waters — the  Bear  Valley  reservoir,  described  on  i)age583,  with 
a  i^resent  capacity  of  26,463  acre-feet,  or  3,675  miner's  inches,  not 
including  evaporation. 

Santa  Ana  River  proper  has  no  storage  reservoir,  and  as  it  has  188 
square  miles  of  drainage  basin  above  the  head  of  the  Santa  Ana 
canal  there  is  necessarily  a  great  deal  of  water  that  runs  to  waste 
nearly  every  year  during  the  winter  and  spring  months.  It  is  proi^er 
to  mention  in  this  connection  that  a  small  reservoir  site  was  surveyed 
and  work  commenced  on  the  outlet  tunnel  for  the  i)urpose  of  storing 
the  water  of  Santa  Ana  River,  but  on  account  of  the  financial  embar- 
rassment of  the  company  this  work  was  never  finished.  In  fact  all 
construction  work  was  stopped,  and  the  Santa  Ana  canal  was  turned 
into  a  temporary  conduit  to  conduct  900  miner's  inches  of  water  from 
the  river  to  the  Alessandro  pipe  line. 
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A,  Temporary  headworks ;  B,  Connection  between  tunnel  and  ilume. 
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This  reservoir  would  necessarily  have  been  a  regulating  one,  as  it 
had  a  very  small  capacity  for  a  very  high  and  expensive  dam.  In 
other  words,  it  would  never  have  paid  as  a  simple  storage  reservoir, 
but  in  case  Santa  Ana  Eiver  and  Bear  Greek  were  flowing  for  a  few  days 
more  than  the  Santa  Ana  canal  could  carry  some  of  the  surplus  water 
could  have  been  held  in  this  reservoir  until  the  discharge  of  the  stream 
had  fallen  below  the  capacity  of  the  canal,  and  in  this  way  the  reser- 
voir might  have  been  filled  and  emptied  several  times  during  the  year. 

The  Santa  Ana  canal,  which  has  been  completed  for  only  about  6 
miles,  offers  some  valuable  lessons  to  the  engineer,  not  only  by  the 
excellence  of  the  work  done  in  some  places,  but  by  its  weak  points  in 
others. 

FIRST  DIVISION. 

The  first  division  of  the  Santa  Ana  canal  for  about  3  miles  consists 
of  tunnels,  flumes,  and  pressure  pipes,  being  located  on  the  rocky,  steep 
side  of  the  Santa  Ana  Canyon.  The  design  for  the  permanent  head- 
works  of  the  canal  provides  for  a  low  crib  weir,  or  overflow  dam,  cross- 
ing the  canyon  from  wall  to  wall  and  built  upon  the  natural  bowlder  of 
the  stream.  A  sluice  gate  is  to  be  constructed  on  the  left  bank  that 
will  maintain  the  channel  of  the  river  on  that  side  of  the  canyon  and 
which  when  closed  will  raise  the  water  to  such  an  elevation  as  to  com- 
mand entrance  through  the  gates  shown  on  the  right-hand  side  of  PI. 
LXIY,  A,  into  a  fore  bay,  and  thence  through  the  headworks  tunnel  cut 
through  the  rock  to  the  canal.  Eegulation  will  be  accomplished  by 
means  of  entrance  gates,  shown  on  the  right  of  the  plate.  At  present, 
diverson  of  water  is  made  by  means  of  a  bowlder  dam  and  wooden  gate 
into  a  rock-lined  canal  leading  to  the  headworks  tunnel,  the  gates  on 
the  right  now  acting  as  regulators. 

The  river  falls  rapidly  through  the  canyon  5  and  as  the  canal  does  not 
have  in  any  place  a  greater  grade  than  10  feet  per  mile,  it  results  that 
at  the  place  where  the  canal  leaves  the  canyon  it  has  an  elevation  of 
300  feet  above  the  water  of  the  river.  It  then  crosses  Deep  Creek  with 
a  wooden  pressure  pipe,  as  shown  in  PI.  LXYI,  B-,  thence  through  a 
long  tunnel  to  Morton  Creek,  with  similar  pressure  pipe,  and  thence 
through  a  short  tunnel  to  the  mesa  lands  between  Santa  Ana  Elver 
and  Mill  Creek,  where  the  section  is  changed  to  a  masonry-lined  canal. 
This,  with  the  exception  of  a  few  short  flumes  and  the  Mill  Creek  cross- 
ing, is  the  form  maintained  for  the  remainder  of  the  conduit. 

FLUME. 

The  first  and  most  notlcable  feature  in  the  canyon  is  the  flume.  It 
is  made  of  l|-inch  redwood  staves,  about  6  inches  wide,  is  of  circular 
form  on  the  bottom,  and  has  vertical  sides  about  12  inches  deep  at  its 
120-second  foot  capacity.  It  is  5J  feet  wide  in  the  clear  on  the  top, 
and  about  3  feet  3  inches  deep  in  the  center.  A  good  view  of  this 
flume  can  be  had  in  PI.  LXIV,  J?,  taken  from  a  photograph  showing 
also  the  inside  of  a  lined  tunnel. 
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The  flume  is  supported  every  8  feet  by  a  T  iron,  bent  to  the  shape  of 
the  outside  of  the  flume,  and  hekl  from  spreading  by  a  wooden  yoke 
on  top.  This  T  iron  rests  on  a  wooden  sill  cut  to  fit  it,  and  this  sill  in 
turn  rests  on  three  concrete  footings  molded  on  the  solid  rock  of  the 
flume  bench,  and  when  softer  material  on  the  bench  is  encountered,  on 
suitable  midsills  of  California  redwood,  which  has  a  aluable  lasting 
qualities  in  contact  with  earth.  The  staves  are  also  held  in  i)lace  by 
|-inch  iron  rods,  two  between  each  two  T  irons,  so  as  to  bring  the  weight 
of  the  water  and  the  curved  part  of  the  flume  itself  between  the  foot- 
ings on  the  vertical  sides.  These  rods  are  bent  to  the  shape  of  the 
flume  and  pass  through  wooden  crosspieces  on  top.    On  tangents  the 


Fig.  203. — Section  of  combination  iron  and  wood  flume. 


staves  are  16  feet  long,  and  on  curves  8  feet,  the  minimum  radius  being 
65  feet,  the  staves  in  all  cases  abutting  on  the  center  of  the  T-iron 
frames. 

This  is  a  fairly  good  arrangement  on  tangents,  but  the  greater  por- 
tion of  the  flume  had  to  be  built  on  very  sharp  curves  to  save  tunnel- 
ing and  heavy  excavation,  and  on  curves  it  is  not  so  good.  During 
the  construction  of  the  flume  a  very  interesting  point  was  raised.  In 
order  to  counteract  the  piling  up  of  the  water  from  the  centrifugal 
force  due  to  the  velocity  of  the  water  rounding  the  curves,  the  outer 
concrete  footing  was  elevated  and  the  inner  one  depressed  in  propor- 
tion to  the  degree  of  the  curve.  The  result  was  that,  as  the  staves 
were  rigid  and  could  not  well  be  twisted,  the  abutting  joints  could  no 
longer  be  cut  in  vertical  planes,  and  every  stave  had  to  be  cut  and 
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fitted  by  hand.  If  these  concrete  fittings  had  been  level  across,  and 
the  joints  consequently  in  vertical  planes,  a  miter  machine  \yould  have 
saved  considerable  labor  in  the  cutting  of  the  staves.  Such  a  machine 
was  constructed,  but  could  not  be  used. 

The  curved  part  of  the  flume,  as  shown  in  the  cross  section,  fig.  203, 
was  made  in  the  shape  of  a  three-centered  arch,  apparently  with  the 
idea  of  giving  it  a  broader  base.  It  would,  however,  have  been  very 
much  simpler  in  cutting  and  fitting  the  staves  if  all  of  the  parts  had 
been  of  one  circle  instead  of  two. 

The  flume  could  have  been  reduced  in  width  from  5  feet  6  inches  to  5 
feet  2  inches  and  had  a  semicircular  bottom  without  practically  increas- 
ing the  amount  of  lumber  or  greatly  lessening  its  hydraulic  mean 
radius.  The  area  of  the  full  cross  section  as  built  is  15.5  feet,  and 
when  filled  within  3  inches  of  the  top  of  the  sides  the  area  of  cross 
section  of  the  water  is  14.1  square  feet,  the  wetted  perimeter  is  9.5  feet, 
and  the  hydraulic  mean  radius  1,48  feet.  A  semicircular  flume  filled 
within  3  inches  of  the  top  would  have  a  cross-sectional  area  of  water 
of  14.2  fe«t,  a  wetted  perimeter  of  9.57  feet,  and  the  same  hydraulic 
mean  radius,  the  height  of  the  flume  being  3  feet  7  inches  instead  of  3 
feet  3  inches.  This  latter  would  have  been  a  better  shape  for  tightening, 
as  it  is  evident  that  the  flatter  the  curve  at  the  bottom  the  more  difficult 
it  is  to  make  the  joints  tight.  It  would  also  have  simplified  the  stave 
cutting  and  handling,  and  the  flume  could  have  been  made  just  as  firm 
on  its  foundations  as  the  present  one,  with  a  slight  saving  of  lumber  in 
the  yokes  and  sills. 

This  flume  has  many  advantages  over  the  ordinary,  old  style,  square, 
wooden  flume,  and  it  has  some  weaknesses,  which  time  and  adverse 
conditions  have  brought  out  very  clearly.  The  greatest  advantage 
that  can  be  claimed  for  it  is  that  there  is  not  a  single  nail  in  the  flume 
proper  from  end  to  end.  Again,  it  can  be  tightened  by  screwing  up 
the  nuts  on  the  rods  which  pass  around  the  staves  and  through  the 
wooden  yoke  on  the  top.  It  is  a  good  shape,  giving  a  large  hydraulic 
mean  radius.  It  has  comparatively  few  places  where  the  wooden  sur- 
faces come  in  contact  with  each  other,  thus  adding  much  to  its  life. 

Its  weaknesses  may  be  enumerated  as  follows :  It  has  a  great  many 
longitudinal  joints,  thus  increasing  the  liability  to  leakage.  Its  butt 
joints,  for  every  8  feet  on  curves,  are  all  in  the  same  vertical  plane,  or 
nearly  so,  thus  rendering  it  weak  in  the  case  of  a  slide  coming  against 
it  from  the  inside  of  the  curve.  The  method  of  tightening  at  the  T 
irons,  as  shown  in  fig.  203,  by  straps  and  wedges  passing  above  plates 
resting  on  the  yoke,  is  not  so  effective  as  that  of  using  simple  nuts  and 
threaded  bolts  as  in  tlie  intermediate  binders.  Loss  results  from  the 
great  expansion  and  contraction  that  takes  place  in  what  is  practically 
a  surface  of  about  10  feet  wide  with  18  joints,  when  the  flume  is  alter- 
nately wet  and  dry,  and  from  care  and  attention  needed  to  keep  it 
tight. 
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The  unusual  shape  of  the  lumber  used  in  its  construction  is  objec- 
tionable, every  stave  having  a  bead  about  one-eiglith  of  an  inch  in 
diameter  running  along  the  side  where  it  joins  the  next  one.  In  case 
of  extensive  repairs  it  is  necessary  to  have  a  great  deal  of  this  lumber 
in  stock  or  else  have  it  manufactured  by  especial  order.  An  examina- 
tion of  the  flume  at  present  reveals  a  great  number  of  leaks  in  the 
longitudinal  joints,  on  the  canal  division,  where  there  are  several  can- 
yons crossed  by  flumes  suiDported  on  trestle  work.  These  leaks  are 
caused  by  turning  water  Avhich  bears  sand  and  fine  gravel  into  the 
flume  after  it  has  been  empty  for  several  days  without  first  cinching 
up  all  the  binders. 

Four  to  five  days  in  the  sunny  climate  of  southern  California  is  suffi- 
cient to  thoroughly  dry  the  staves  and  cause  so  much  contraction  of  the 
wood  as  to  open  the  joints  and  practically  sever  the  connection  of  the 
staves  at  the  bottom  of  the  flume  with  those  on  the  side,  which  are 
their  natural  support  when  the  binders  are  tight.  The  consequence  is 
that  when  the  water  is  turned  into  the  dry  flume  the  staves  in  the  bot- 
tom, which  are  only  inches  thick  in  the  direction  of  the  weight,  are 
deflected  in  the  middle  of  the  8  foot  lengths,  the  ends  of  which  rest  on 
the  T  irons,  and  the  water  rushes  through  the  joint,  carrying  sand  and 
small  gravel  with  it.  This  is  caught  in  the  opening  by  the  little  bead, 
and  there  it  remains,  thus  keeping  the  joint  open  and  preventing  the 
flume  from  being  made  tight  again  by  cinching,  unless  it  is  taken  apart 
and  all  of  the  sand  and  gravel  removed.  This  would  be  a  tedious  and 
inconvenient  operation,  necessitating  the  recalking  and  asphalting  of 
the  vertical  joints. 

The  bending  of  the  lower  staves  gives  the  appearance  of  weakness 
to  the  flume,  and  leaking  has  been  attributed  to  this  cause  by  some  who 
have  not  understood  the  design  of  the  intermediate  binders.  When 
these  are  kept  tight  the  weight  of  the  water  in  the  8-foot  joints  is  car- 
ried by  the  vertical  side  of  the  flume,  but  when  these  are  allowed  to  get 
slack  the  strength  of  the  flume  as  a  girder  is  destroyed,  and  leakage 
and  distorted,  bent,  and  broken  staves  are  the  result.  The  financial 
affairs  of  the  Bear  Valley  Company  have  been  in  such  a  condition  since 
the  flume  was  built  that  it  has  had  very  little  attention.  It  seldom,  if 
ever,  has  had  more  than  1,000  miner's  inches  of  water  running  in  it,  and 
it  is  safe  to  say  that  fully  15  per  cent  of  the  water  turned  in  at  the  head- 
works  never  reaches  the  lower  end  of  the  canal,  where  the  connection  is 
made  with  the  Alessandro  pipe  line. 

There  is  difficulty  in  making  a  tight  joint  where  the  butts  come 
together  over  the  T-iron  frames  without  interfering  seriously  with  the 
flow  of  water  in  the  flume.  As  arranged  at  present,  these  joints  are 
calked  with  oakum  and  plastered  over  with  asphalt.  This  work  was 
carefully  and  well  done,  taking  everything  into  consideration,  but  it  is 
impossible  to  make  this  kind  of  a  joint  without  leaving  a  little  ridge 
of  asphalt  clear  around  the  flume  at  every  joint.    This  might  not  at 
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first  sight  appear  to  affect  the  flow  of  water  very  much,  bat  it  appar- 
ently does  lessen  the  amonnt  which  the  flume  was  calculated  to  carry 
36  per  cent  on  an  average  for  depths  not  exceeding  15  inches. 

The  following  measurements  of  actual  velocity  have  been  made  care- 
fully by  meter,  and  the  calculated  amounts  are  placed  beside  them  to 
show  the  difference  in  each  case: 


Comparisons  of  calculated  and  actual  capacities  of  Santa  Ana  Canal  flume. 


Depth  at 
center. 

Area. 

Wetted 
perimeter. 

Hydraulic 
radius 
(area  di- 
vided by 

perimeter). 

Velocity  per 
second. 

Calculated 
capacity. 

Actual  ca- 
pacity. 

Inches. 

Square  feet. 

Linear  feet. 

Feet. 

Feet. 

Secondfeet. 

Second-feet. 

4. 26 

5.75 

0.  74 

5.45 

23.  25 

12. 19 

3. 43 

5.  33 

0. 65 

5.  20 

17.  83 

13.  31 

m 

2.  75 

4.91 

0. 56 

4.  60 

12.65 

9.  78 

3.  63 

5.  38 

0.  67 

5. 25 

19.  06 

9.66 

2.75 

4.  91 

0.  56 

4.  60 

12.  65 

9.57 

14f 

3.37 

23.  76 

15.  00 

The  value  of  n  in  Kutter's  formula  was  assumed  as  0.01,  being  a  fair 
assumption  for  i^laned  lumber,  but  the  above  measurements  show  that 
all  the  conditions  were  not  taken  into  account,  because  from  the  actual 
velocity  the  value  of  n  would  be  nearer  0.015. 

This  is  mentioned  simply  as  an  exami)le  of  the  difficulty  in  making 
practice  agree  with  theory  for  even  the  most  careful  engineers.  Great 
care  was  taken  with  the  meter  measurements. 

WOODEN  PRESSURE  PIPE. 

The  next  features  of  this  work  that  attract  the  engineer's  attention 
are  the  pressure  pipes,  of  which  there  are  3,  all  52  inches  inside  diam- 
eter and  made  of  redwood  staves  bound  with  five-eighths-inch  steel 
rods,  with  special  castings  of  malleable  iron,  into  which  the  rods  are 
connected  and  tightened  by  nuts  and  screws  on  their  ends..  The  dis- 
tance between  the  binding  rods  is  proportioned  to  the  pressure  that 
the  pipe  has  to  bear,  with  a  factor  of  safety  of  4. 

The  first  of  these  pipes  is  at  the  crossing  of  Warmsprings  Canyon. 
It  is  540  feet  long  and  under  a  pressure  of  about  25  pounds  to  the 
square  inch  in  its  lowest  part.  The  Deep  Creek  pipe  is  908  feet  long, 
and  under  a  pressure  of  07  pounds  to  the  square  inch  in  its  lowest  part. 
The  Morton  Creek  pipe  is  680  feet  long,  and  has  the  same  pressure  as 
that  at  Deep  Creek. 

These  pipes  are  made  of  clear  straight-grained  redwood  staves  about 
6  inches  wide,  varying  from  2  to  2.^  inches  in  thickness,  and  of  various 
lengths,  as  the  butts  are  intended  to  break  joints.  The  butt  ends  are 
connected  with  an  iron  dowel  about  J  by  1^  inches  by  the  width  of  the 


604 


PROGRESS  OF  STREAM  MEASUREMENTS  FOR  1897. 


stave,  let  iuto  saw  kerfs  three  fourths  of  an  inch  deep,  in  the  ends  of 
the  butting  i)ieces.  This  makes  a  very  effective  and  tight  joint,  there 
being  absolutely  no  leaks  from  the  butt  joints  on  any  of  the  x>ipes  of 
this  work.  The  pipe  is  partly  cinched  up,  and  the  staves  are  then 
driven  tightly  home,  longitudinally,  with  a  12-pound  maul,  each  stave 
being  so  driven. 

In  the  iirst  wooden-stave  pipes  made  on  the  Pacific  coast  wooden 
dowels  were  used,  but  it  was  found  that  the  swelling  of  the  dowel  as  soon 
as  water  was  turned  into  the  pipes  split  the  redwood  and  caused  many 
leaks.    Later  methods  of  cinching  have  largely  obviated  this  defect. 

The  longitudinal  joints  are  made  tight  by  a  bead  about  one-eighth  of  an 
inch  in  diameter  being  run  along  the  center  of  one  side  on  each  stave, 
so  that  when  the  rods  are  cinched  up  the  bead  sinks  into  the  adjoining 
stave,  and  thus  makes  a  small  tongue  and  groove  connection  and  a  very 
tight  joint.  The  wood  in  these  staves  is  very  straight  grained  and 
smooth,  being  planed  on  all  sides,  and  gives  an  ideal  coefficient  of 
roughness,  so  much  so  that  a  wooden  pipe  of  this  class  can  always  be 
of  much  less  diameter  than  a  metal  or  cement  pipe  carrying  the  same 
amount  of  water. 

An  interesting  point  about  these  jyi-pes  is  that,  unlike  tanks  or  other 
vessels  bound  with  iron  or  steel  hoops,  they  can  and  should  be  tight- 
ened up  as  much  as  possible  before  allowing  the  water  to  be  turned 
into  them.  The  swelling  of  the  wood  which  then  takes  place  has  only 
the  effect  of  sinking  the  round  steel  rod  into  the  surface  of  the  red- 
wood, while  it  would  assuredly  break  a  fiat  band  or  hoop  of  the  same 
cross  sectional  area  as  the  rod.  The  reason  is  that,  the  surface  of  the 
flat  band  being  so  great,  the  crushing  of  the  wood  does  not  take  place, 
and  the  band  has  to  bear  not  only  the  pressure  of  the  water,  for  which 
it  is  calculated,  but  the  additional  strain  imposed  upon  it  by  the  swell- 
ing of  the  wood,  for  which  it  is  not  calculated.  How  great  this  tbrce 
is  may  readily  be  seen  by  the  depth  to  which  some  of  these  pipes  are 
indented  by  the  steel  rods.  This  point  has  been  dwelt  on  because  it  is 
of  great  importance  in  connection  with  a  question  raised  during  the 
construction  of  these  pipes. 

The  weak  point  of  these  pipes  is  that  the  diameter  is  so  large  and  the 
staves  so  heavy  that  it  is  impossible  to  curve  them  sufficiently  to  rest  on 
the  ground  all  the  way  across  deep  canyons.  It  is  necessary,  therefore, 
to  support  them  for  varying  distances  on  trestlework.  This,  if  of  iron 
or  steel,  would  be  very  expensive,  and  being  of  wood  is  liable  to  be 
burned  down  at  any  time,  for  fires  are  of  frequent  occurrence  in  these 
canyons  in  summer.  Under  these  circumstances  the  pipes  can  hardly 
be  called  permanent  structures,  and  as  the  Deep  Creek  and  Morton 
l)ipes  cost  from  $10  to  $12  per  linear  foot  it  is  certain  that  steel  pres- 
sure pipes  laid  under  the  ground  would  have  been  more  permanent  and 
much  cheaper.  A  steel  pipe  of  54  inches  diameter,  under  a  pressure 
varying  from  0  to  95  pounds  per  square  inch,  would  need  to  be  on  an 
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average  oue-eiglitli  of  an  inch  in  thickness  to  give  it  a  factor  of  safety 
of  4.  Such  a  pipe  would  only  weigh  about  75  pounds  per  linear  foot 
and  would  not  cost  over  G  cents  a  pound  delivered,  or  $4.50  per  linear 
foot.  Allowing  $1.50  a  foot  for  excavating  and  back  filling,  this  pipe 
could  certainly  have  been  built  for  a  little  more  than  half  the  cost  and 
would  have  been  much  more  permanent  than  the  wooden  pipe  com- 
bined with  the  wooden  trestle. 

The  interior  of  the  wooden  pijje  is  smooth  and  true.  It  is  not  liable 
to  deteriorate  like  the  steel  or  iron  pipe.  It  is  durable,  is  easily  tapped, 
is  capable  of  adjustment,  and  is  altogether  the  nearest  approach  to  an 
ideal  conduit  for  water  where,  in  the  case  of  large  pipes,  the  pressure 
does  not  exceed  40  j)ounds  per  square  inch  and  the  nature  of  the  ground 
is  such  that  curves  of  less  than  250  feet  radius  will  not  be  required. 

The  pipe  shown  in  PI.  LXVI,  A,  was  built  on  the  Kedlands  canal  near 
the  mouth  of  Santa  Ana  Canyon,  to  replace  the  flume  which  is  also 
shown.  It  is  considered  an  improved  form  of  construction  because  of 
the  much  greater  length  of  life  of  the  pipe,  the  fact  that  it  is  a  much 
better  conduit  and  is  cheaper.  In  1898  this  iDipe  was  examined,  after  it 
had  been  in  service  for  ten  years,  and  found  to  be  in  a  sound  condition. 
It  has  had  no  repairs.  This  has  become  a  very  popular  conduit  in  the 
West,  where  iron  is  expensive  and  wood  is  cheap. 

PI.  LXVII  shows  a  52-inch  redwood  stave  pipe  under  a  head  of  160 
feet.  It  will  be  noticed  that  the  round  iron  bands  which  hold  the  pipe 
together  and  resist  the  bursting  strain  are  only  3  inches  apart.  When 
the  number  of  iron  bands  is  so  large,  the  weight  of  metal  in  the  stave 
pipe  becomes  almost  as  great  as  that  of  an  iron  or  steel  pipe,  and  thus 
limits  the  economy  of  its  use.  Another  serious  fault  in  the  stave  pipe 
is  that  in  a  rough  country  it  can  not  be  bent  to  a  sufficiently  sharp 
radius  to  fit  the  ground.  The  minimum  radius  with  52-inch  pipe  is  240 
feet,  and  for  this  reason  this  pipe  is  much  higher  up  in  the  air  than  it 
is  desirable  to  have  it.  With  careful  use,  by  keeping  the  pipe  always 
full  of  water  to  prevent  rot,  the  stave  pipe  should  far  outlive  the  iron 
pipe.  An  improvement  that  has  recently  been  adopted  on  a  power  plant 
on  San  Gabriel  Eiver  makes  the  sharp  turns  in  the  pipe  line  by  putting 
in  elbows  of  riveted  steel  pipe.  These  are  made  of  sufficient  diameter 
to  fit  over  the  ends  of  the  wood  pipe  and  the  intervening  space  is 
rammed  with  cement. 

TUNNELS. 

All  the  tunnels  on  this  division  except  one  were  intended  to  be  of 
the  same  cross  section  when  finished,  or  about  0  feet  3  inches  wide  by 
7  feet  6  inches  high  from  invert  to  roof.  The  amount  of  excavation 
varied  with  the  material,  an  allowance  being  made  in  each  case  to  suit 
the  thickness  of  the  lining  to  be  adopted.  Some  of  the  tunnels  were 
through  hard  granite  rock  and  were  left  in  the  rough ;  others  were  lined 
with  concrete  on  the  floor  and  sides;  one  was  lined  with  concrete  and 
roofed  with  brick  (see  PI.  LXIV,  B);  one,  about  1,000  feet  long,  was 
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partly  lined  with  concrete  and  plastered  on  the  invert  and  1  foot  in 
depth  on  each  side. 

The  long  tunnels,  of  which  there  are  two,  one  about  1,G0()  feet  and 
one  about  1,400  feet,  are  on  a  grade  of  2  feet  per  1,000,  and  the  shorter 
ones,  of  which  there  are  seven,  varying  in  length  from  40  to  240  feet, 
are  on  a  grade  of  1.75  feet  per  1,000,  the  same  as  the  flume.  Much  care 
was  taken  to  keep  the  different  parts  of  the  waterway  as  nearly  of  the 
same  capacity  as  possible,  and  where  so  many  different  forms  of  cross 
section  had  to  be  adopted  this  was  not  an  easy  matter. 

One  of  the  most  novel  and  extraordinary  features  of  this  work  is  the 
tunnel  through  the  Morton  Eidge,  near  the  end  of  Division  I.  The 
ridge  is  a  ^'hog  back'^  of  cemented  gravel  and  bowlders  rising  abruptly 
about  250  feet  from  Morton  Creek  on  one  side  and  sloping  off  more 


ridge  at  much  less  cost,  as  the  material  was  comx)arati vely  easy  to 
work  and  good  to  stand  until  lined.  It  is  evident  that  the  intention 
was  to  keep  the  wood  lining  always  wet,  so  as  to  preserve  it,  but  this 
could  have  been  done  more  easily  and  cheaply  by  simply  excavating  a 
rough  tunnel  through  the  hill  and  continuing  the  Morton  Creek  wooden 
pipe  through  it  to  a  junction  with  the  canal  on  Division  II. 

As  this  tunnel  is  at  the  lower  end  of  the  Morton  Creek  pressure  pipe, 
it  was  necessary  to  have  a  receiving  chamber  of  some  kind  to  connect 
the  tunnel  and  the  pipe.  As  the  tunnel  was  dropped  at  this  end  to 
keep  it  always  full  of  water,  a  wooden  penstock  about  ]  6  feet  high  was 
built  close  up  to  the  tunnel.  On  one  side  it  was  connected  with  the 
pressure  pipe,  and  on  the  other  side  with  the  tunnel  by  means  of  a 
funnel-shaped  arrangement  of  wooden  staves,  gradually  merging  into 


gently  on  the  other  side  to 
the  mesa  land  lying  between 
Santa  Ana  Canyon  and  Mill 
Creek.  The  tunnel  is  about 
500  feet  long,  is  of  circular 
cross  section,  G  feet  in  diam- 
eter in  the  clear,  lined  with 
3-inch  planed  redwood  staves, 
backed  with  concrete,  the  lat- 
ter being  rammed  in  solid  all 
around,  between  the  wooden 
tube  and  the  surface  of  the 
excavation.  The  peculiar  ar- 
rangement of  this  tunnel  is 
that  it  is  on  an  upgrade  in 
the  direction  of  the  flow. 


Fig.  204. — Tunnel  section  in  rock,  Santa  Ana  canal. 


There  seems  to  be  no  reason 
why  a  tunnel  similar  to  the 
others  could  not  have  been 
constructed    through  the 
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the  tunnel  lining.  This  penstock  is  simply  a  standpipe  on  the  Morton 
Creek  i^ressure  pii)e.  Silt  is  deposited  here  and  is  extremely  hard  to 
remove. 

The  only  apparent  reason  for  putting  the  tunnel  ou  an  upgrade  in 
the  direction  of  the  flow  was  to  keep  it  entirely  below  the  hydraulic 
grade  line  from  the  inlet  of  the  Morton  Creek  i)ipe  to  the  outlet  of  the 
tunnel  at  Division  II,  and  thus  keep  the  pipe  and  tunnel  always  full  of 
.water  to  preserve  the  wooden  lining. 

Of  course  the  tunnel  could  have  been  dro])ped  bodily  parallel  to 
grade  line,  but  this  would  have  meant  a  box  at  the  lower  end  more 
than  twice  the  depth  of  the  diameter  of  the  tunnel.  To  avoid  this  and 
to  keep  the  velocity  of  the  flow  as  uniform  as  possible,  an  incline  at 
the  lower  end  was  substituted  for  the  box,  which  would  have  made 
considerable  change  in  the  velocity  of  the  water. 

To  accommodate  the  Morton  Creek  j)i]}G  to  the  lower  tunnel  it  was 
necessary  to  curve  the  pipe  so  much  that  the  staves  could  not  be  bent, 
and  a  series  of  chords  Avere  made  in  the  i)ipe  to  allow  of  its  entering 
the  penstock  on  a  level  with  the  tunnel.  This  is  open  to  criticism,  as 
the  shari^  angles  would,  when  the  pipe  was  running  at  its  full  capacity, 
entirely  destroy  the  uniformity  of  flow  which  the  pijDC  otherwise  would 
have.  At  the  lower  end  of  the  tunnel  another  piece  of  stave  pipe  on 
chords  of  sharp  curve  was  tacked  to  the  tunnel  lining,  apparently  to 
save  masonry  work  in  lining  the  sides  of  the  incline.  This  is  also 
destructive  of  the  uniformity  of  flow  so  carefully  provided  for  in  all 
other  parts  of  the  work,  and  extra  expense  and  poor  work  were  made 
necessary  by  putting  the  tunnel  below  grade.  The  penstock  is  exposed 
to  the  elements  on  a  steep  sidehill  150  feet  above  the  creek,  with  60  or 
70  feet  of  steep  ridge  above  it,  and  if  it  is  not  knocked  down  by  a 
slide  from  above,  which  would  bring  disaster  to  the  expensive  pipe 
below,  it  Avill  presumably  rot  in  a  few  years. 

CONNECTIONS. 

The  connections  between  the  different  forms  of  waterway  on  this 
work  are  made  in  a  very  substantial  manner.  The  change  from  flume 
to  tunnel  and  from  tunnel  to  flume  does  not  require  special  mention,  as 
the  flume  in  each  case  is  simply  let  into  the  tunnel  about  a  foot  and 
surrounded  with  a  concrete  wall  bedded  against  the  floor  and  sides  of  the 
tunnel  (PI.  LXIV,  B).  No  attempt  was  made  to  change  gradually  from 
one  section  to  the  other,  as  they  were  very  similar  and  the  slight  differ- 
ence in  the  calculated  velocities  did  not  seem  to  justify  the  expense. 

In  changes  from  flume  to  pipe,  from  pipe  to  tunnel,  and  vice  versa, 
the  diflerence  in  section  was  so  great  that  a  special  chamber  had  to  be 
designed  to  suit  each  case. 

As  there  are  three  pressure  pipes  on  Division  I,  there  are  six  of  these 
chambers:  2 from  flume  to  pipe,  1  from  pipe  to  flume,  1  from  tunnel  to 
pipe,  and  2  from  pipe  to  tunnel. 
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These  chambers  are  designed  with  great  care  so  as  to  avoid  as  much 
as  i)ossible  any  disturbance  of  the  water.  Five  of  them  are  well  and 
substantially  built  of  rough  rubble  masonry  on  concrete  foundations 
and  lined  with  cement  plaster.  One,  from  the  Morton  Creek  pipe  to 
the  Morton  Kidge  tunnel,  is  a  wooden  penstock  that  has  been  already 
mentioned  in  discussing  the  Morton  tunnel.  The  others,  as  well  as 
the  trestle  supports  under  the  pressure  pipes,  are  designed  to  accom- 
modate two  pipes,  although  only  one  has  been  built.  This  was  a  need- 
less expense  and  added  to  an  already  costly  piece  of  work.  Even  if 
the  company  had  been  able  to  carry  its  land-speculation  business  at 
Alessandro  to  a  successful  issue,  it  is  hardly  i)robable  that  the  canal 
would  ever  have  been  enlarged,  owing  to  the  fact  that,  as  later  meas- 
urements have  shown,  the  water  supply  was  not  nearly  so  plentiful  as 
was  calculated  upon  before  this  work  was  commenced.  When  the  pipe 
sloped  down  suddenly  from  the  flume  the  bottom  of  the  chamber  was 
made  on  a  curve  joining  the  lines  of  flume  and  pipe  so  as  to  offer  as 
little  resistance  as  possible  to  the  flow  of  water. 

In  one  instance  a  horizontal  curve  was  made  in  the  walls  of  a  con- 
necting chamber  to  accommodate  the  flow  from  pipe  to  flume.  Great 
care  was  taken  in  the  construction  of  the  chambers,  as  they  are  all 
situated  at  places  where  an  accident  would  be  fatal  to  the  pipes,  which 
are  laid  on  steep  inclines  below  them. 

SAND  BOX. 

There  is  at  i)resent  only  one  sand  box  on  the  work,  and  that  is  a  sub- 
stantial and  well-built  masonry  structure,  although  it  must  be  con- 
fessed that  its  capacity  is  very  small  for  the  amount  of  money  it  cost. 
It  is  about  00  feet  long,  13  feet  wide,  and  in  the  deepest  part  about  4 
feet  below  the  level  of  the  flumes  that  enter  it.  The  bottom  part  of 
this  masonry  box  is  cut  up  by  cross  walls  and  sloping  floors  into  four 
prismoidal  chambers  with  a  sand  gate  in  each.  This  class  of  sand  box 
is  mentioned  in  the  description  of  the  Grafton  canal. 

POWER  DROP. 

There  is  one  power  drop  planned  on  this  work,  but  it  has  never  been 
finished.  It  is  at  a  point  where  the  flume  is  at  a  height  of  about  350 
feet  above  the  bed  of  Santa  Ana  Eiver,  but  had  the  intention  of  convey- 
ing surplus  water  in  winter  to  the  San  Jacinto  reservoir  been  carried 
out  only  a  very  small  constant  supply  of  water  could  have  been  relied 
on,  because  in  winter  only  a  small  quantity  of  water  is  needed  in  the 
ditches  to  Eedlands  and  Highlands,  which  this  drop  commanded. 

SECOND  DIVISION. 

Division  II  of  the  Santa  Ana  canal  is  about  2  miles  long  and  is 
principally  canal  section,  as  shown  in  PI.  LXVIII.  There  are  about  six 
gulches  or  arroyos  on  this  division,  crossed  by  flumes  of  the  same  form 
as  those  of  Division  I,  but  12  inches  deeper.    These  flumes  aggregate 
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about  1,500  feet  in  leugth.  They  rest  on  wooden  trestlework,  with 
bents  IG  feet  from  center  to  center,  and  occasionally,  where  it  is  neces- 
sary to  have  a  large  water  way  underneath,  on  32-foot  trussed  girders. 

There  are  two  or  three  arroyos  crossed  with  earth  embankments 
having  drainage  culverts  underneath.  The  intention  was  to  allow 
these  banks  to  settle  for  two  years  and  then  excavate  and  continue  the 
masonry  lined  canal  through  them.  With  this  object  in  view,  tempo- 
rary rough  wooden  flumes  were  laid  on  these  banks,  of  sufficient  cross- 
sectional  area  to  pass  about  1,000  miner's  inches  of  water  for  the  Ales- 
sandro  pipe  line.  These  flumes  have  never  been  altered  since  laid  in 
1893,  so  that  the  actual  present  capacity  of  the  Santa  Ana  canal  may 
be  said  to  be  only  1,000  miner's  inches. 

One  short  stretch  of  the  canal  has  been  finished  to  the  full  capacity 
of  12,500  miner's  inches  (see  PI.  LXVIII).  This  section  is  12  feet  6 
inches  wide  at  the  top,  7  feet  6  inches  deep  at  the  center,  chord  of 
invert  6  feet  6  inches  wide,  and  versed  sine  1  foot  6  inches.  The  lining 
was  done  with  bowlders  roughly  broken  to  shape  and  laid  in  cement 
mortar.  The  walls  were  first  built  against  the  sloping  sides  of  the  exca- 
vation, which,  being  nearly  all  of  the  way  in  hard  clay  and  cemented 
gravel,  was  made  with  side  slopes  generally  of  2  on  1.  The  invert  is 
simply  paved  and  the  chinks  filled  with  coarse  sand  and  spalls,  with  a 
layer  of  mortar  roughly  bedded  on  top,  on  which  is  laid  the  cement 
plaster  lining.  The  walls  are  laid  with  more  care  to  a  rough  surface 
and  are  from  8  to  10  inches  thick  on  the  top  and  about  twice  that 
thickness  on  the  bottom. 

As  the  material  on  this  division  is  generally  hard  clay  and  the  rain- 
fail  is  very  slight,  there  has  been  no  trouble  whatever  experienced  from 
the  bulging  or  breaking  of  the  walls  from  water  lodging  behind  them, 
and  the  lined  portion  of  the  Santa  Ana  canal  is  a  very  substantial  and 
permanent  piece  of  engineering  work.  The  grade  of  this  portion  of 
the  canal  is  very  light,  as  a  low  velocity  was  necessary  to  prevent  the 
wearing  away  of  the  cement  lining  by  the  sand  and  silt  which  is  sure 
to  find  its  way  into  the  water,  especially  during  freshets. 

The  calculated  velocity  for  the  full  section  is  about  5  feet  per  second, 
that  of  the  flume  being  about  10  feet  per  second.  Careful  provision  was 
made  for  changing  gradually  from  canal  to  flume  section  and  vice  versa. 
An  examination  of  the  two  sections  seen  in  the  plates  will  show  that 
this  was  a  difficult  piece  of  work.  The  change  from  flume  to  canal  was 
accomplished  by  building  a  wall  across  the  canal,  fitting  the  flume  into 
this  wall,  and,  by  flaring  or  sloping  surfaces  of  masonry,  joining  the 
edges  of  the  flume  to  the  bottom  and  sides  of  the  canal.  The  change 
from  canal  to  flume  was  accomplished  by  narrowing  the  canal  section 
for  about  8  feet  and  then  continuing  the  contraction  by  a  wooden 
flume  16  feet  long,  which  gradually  changed  from  this  reduced  section 
of  canal  to  the  flume  section.  The  purpose  was  to  change  section  and 
velocity  without  loss  of  head. 
19  GEOL,  PT  4  39 
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This  flariDg  flume  was  built  on  the  same  general  principles  as  the 
flume,  being  composed  of  redwood  staves,  cut  and  fitted  to  effect  the 
warping  of  the  surface  from  a  2  on  1  slope  in  the  canal  to  a  vertical 
plane  in  the  flume.  These  staves  were  connected  and  tightened  by 
yokes  and  binders  similar  to  those  used  between  the  T-iron  frames  on 
the  flume. 

It  is  unfortunate  that  the  affairs  of  the  company  have  been  in  such 
a  condition  that  this  canal  was  never  finished,  as  this  was  one  of  the 
many  interesting  points  where  engineers  differed  and  were  anxious  to 
see  the  results  in  actual  practice. 

MILL  CREEK  BRIDGE. 

The  most  notable  piece  of  work  on  Division  II  is  the  Mill  Creek 
bridge.  Mill  Creek  at  the  point  of  crossing  is  a  wide  and  sloping  wash 
of  waterworn  bowlders,  cobblestones,  and  gravel,  with  occasional  beds 
of  sand.  The  water  course,  which,  except  in  the  times  of  flood,  is  only 
10  feet  wide  and  a  few  inches  deep,  winds  through  the  wash,  and  the 
channel  is  liable  to  change  in  every  flood.  The  flume,  which  is  of 
the  same  section  as  the  others  on  Division  II,  is  supported  by  nineteen 
steel  Pratt  truss  spans  of  48  feet  each,  resting  on  braced  steel  trestle 
piers  on  concrete  footings.  The  depth  of  the  bowlder  bed  being 
unknown,  these  concrete  footings  are  about  8  feet  deep,  resting  on  a 
foundation  of  redwood  jflanks.  The  footings  of  each  i^ier  are  connected 
and  surrounded  with  a  casing  of  redwood  planks,  which  forms  a  box, 
and  the  space  between  the  footings  is  filled  with  cobbles  and  gravel. 
The  bridge  is  1,072  feet  long  from  end  to  end.  The  spans  are  in  couples, 
and  the  piers  are  alternately  a  rocker  and  a  pair  of  trestle  bents  16 
feet  apart  and  braced  on  all  sides,  so  as  to  form  a  tower,  the  flume 
being  carried  over  this  tower  by  a  16-foot  span  of  the  Fink  type. 

The  bridge  is  a  very  light  structure,  but  it  is  carefully  and  econom- 
ically designed,  and  as  it  is  riveted  throughout  (no  bolts  being  allowed) 
is  likely  to  last  a  long  time  if  kept  painted.  The  steel  piers  are  latticed 
channel  i)osts,  braced  and  anchored  to  the  concrete  footings. 

The  flume  on  this  bridge  is  an  improvement  on  the  other  flumes,  as 
the  butts  break  joint,  the  clumsy  wedge  and  strap  arrangement  is  done 
away  with,  and  a  simple  nut  and  bolt  and  large  washer  substituted. 
A  continuous  strip  of  hard  wood  is  also  substituted  for  the  wooden 
wedges  and  blocks  on  the  top  of  each  side  of  the  flume,  on  which  each 
yoke  bears  directly.  The  consequence  is  that  there  has  never  been  any 
trouble  with  the  flume  on  the  Mill  Creek  bridge. 

The  frames  are  supported  by  the  floor  beams,  which  consist  of  two 
channels,  separated  sufficiently  to  allow  the  rib  of  the  T-iron  frames  to 
drop  between  them.  A  special  cast-iron  chock  is  used  under  the  frames 
in  addition  to  the  ordinary  side  brace,  since  the  frame  can  not  be  let 
down  into  the  channels,  as  was  done  in  the  case  of  the  wooden  sills  on 
the  other  portions  of  the  work. 
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This  bridge  and  flume  cost  about  $11  a  ruuniDg  foot,  and  it  seems 
singular  that  wooden  pipe  was  not  used  instead.  If  one  wooden  pipe 
was  sufficient  for  i^resent  purposes  across  Deep  Canyon  on  Division  I, 
there  seems  to  be  no  reason  why  it  would  not  have  been  more  econom- 
ical to  use  it  in  this  case  also,  especially  as  it  would  have  been  under 
very  low  pressure,  not  to  exceed  25  feet,  and  could  have  been  put  in, 
even  doubled,  for  very  much  less  than  the  cost  of  the  bridge.  Sunk 
3  or  4  feet  below  the  general  level  of  the  wash,  it  would  have  been 
practically  safe  from  injury,  as  the  tendency  in  all  washes  from  the 
canyons  in  southern  California  is  to  build  up  instead  of  washing  out, 
and  a  wooden  pipe  filled  with  water  would  under  these  circumstances 
be  practically  indestructible. 

COSTS. 

The  total  charges  against  the  Santa  Ana  canal,  including  engineer- 
ing, roads,  trails,  telephone  lines,  inclines,  right  of  way,  law  expenses, 
etc.,  were  about  $250,000  for  a  length  of  5.4  miles  of  conduit,  or  $8.76 
per  linear  foot.  This  is  a  high  price  to  pay  for  a  canal,  but  it  must  be 
remembered  that  the  first  3  miles  of  the  work  are  in  an  exceptionally 
rough  country,  and  that  a  great  part  of  the  expense  was  due  to  the 
connections  necessary  for  the  change  from  one  form  of  cross  section  to 
another.  There  are  about  40  of  these  connections  on  this  piece  of 
work. 

The  objection  has  been  made  that  a  good  deal  of  money  was  spent  in 
experimenting  upon  the  work,  but  it  was  money  well  spent,  and  was 
trivial  compared  with  the  money  actually  thrown  away  by  the  loose 
financial  management  of  the  company's  affairs. 

Taken  as  a  whole,  the  Santa  Ana  canal  is  the  best  example  in  south- 
ern California  of  a  scientifically  constructed  conduit  for  the  passage  of 
irrigation  water. 

MINOR  STREAMS  TRIBUTARY  TO  SANTA  ANA. 

The  minor  streams  flowing  from  the  southern  face  of  San  Bernardino 
Mountains,  with  the  areas  of  their  tributary  basins,  in  square  miles, 
are  as  follows:  East  Twin  Creek,  5.77;  West  Twin  Creek,  10.66;  City 
Creek,  22.20;  Plunge  Creek,  18.32;  total,  56.95  square  miles.  These 
areas  are  planimeter  measurements  made  on  the  topographic  atlas 
sheets  of  the  United  States  Geological  Survey. 

All  the  basins  referred  to  above  have  southern  exposures,  the  slopes 
being  steep  and  rugged.  Little  timber  grows  on  these,  but  there  is  a 
good  growth  of  brush.  Spasmodic  streams  might  be  expected  from 
these  basins,  the  summer  flow  being  quite  low,  owing  to  the  steep 
slopes  and  high  evaporation.  Unfortunately  there  are  no  reservoir 
sites  in  which  to  store  the  winter  vv^aters. 
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EAST  TWIN  CREEK. 

This  stream  enters  the  valiey  to  the  north  of  the  town  of  San  Ber- 
nardino by  a  short  and  precipitous  course.  The  first  diversion  was  by 
a  citizens'  association  of  San  Bernardino  in  1870,  the  water  being  taken 
out  at  the  mouth  of  the  canyon  in  an  earthen  ditch,  which  ran  directly 
to  the  city,  a  distance  of  4J  miles.  The  soil  being  sandy,  the  greater 
portion  of  the  water  Avas  lost  by  seepage.  For  this  reason  it  was 
abandoned  by  the  city  people,  and  the  irrigators  near  the  mouth  of 
the  canyon  sold  out  their  rights. 

About  1875  Seegars  &  Leedon  appropriated  this  water.  Their  point 
of  diverson  was  about  one-half  mile  above  the  mouth  of  the  canyon,  on 
the  west  side.  The  water  was  used  on  the  lands  immediately  adjoin- 
ing. The  diversion  was  in  an  open  ditch  of  from  60  to  70  miner's 
inches  capacity.  These  appropriators  took  up  the  lapsed  rights  of  the 
first  users. 

John  Hancock  next  filed  on  1,000  miner's  inches  and  bought  out 
Seegars  &  Leedon.  Other  irrigators  either  ceased  using  the  water  or 
sold  their  rights.  His  diversion  point  was  one-half  mile  above  the 
mouth  of  the  canyon,  on  the  eastern  side.  This  diversion  was  by  means 
of  a  bowlder  dam  into  a  canal,  which  has  since  been  cemented  or  laid 
with  a  IG-inch  vitrified  pipe.  The  loss  from  seepage  in  this  canal  in 
1897  was  8  miner's  inches,  as  determined  by  weir  measurements,  when 
it  was  flowing  65  miner's  inches.  There  are  600  feet  of  cemented  canal, 
400  feet  of  vitrified  pipe,  800  feet  of  earth  canal,  and  the  remaining 
portion  is  in  rock  of  varying  stages  of  disintregation. 

John  Hancock  sold  all  his  rights  and  titles  to  the  Kansas  City  Real 
Estate  and  Investment  Company.  This  company  used  and  improved 
the  canals  built  by  Mr.  Hancock,  and  continued  using  the  water  on  the 
same  land — all  of  sees.  24  and  25,  and  the  eastern  parts  of  sees.  14,  23, 
and  26,  T.  1  IST.,  R.  3  W.,  San  Bernardino  meridian.  There  are  in  all 
700  acres  irrigated  from  this  source  of  supi^ly. 

The  land  has  been  subdivided  and  the  water  made  ai^purtenant  to 
the  land,  so  that  the  owners  of  the  land  become  owners  in  common  of 
the  water.  The  duty  of  water  here  is  1  inch  to  7  acres.  The  canal  is 
operated  by  an  association  and  the  water  controlled  by  committees. 

The  average  midsummer  flow  of  this  stream  at  the  point  of  diversion 
IS  difficult  to  estimate,  because  of  the  diurnal  variation.  In  summer  a 
morning  flow  of  80  miner's  inches  might  follow  an  evening  flow  of  50 
miner's  inches. 

The  midsummer  mean  flow  is  probably  about  75  miner's  inches.  The 
minimum  flow  of  the  stream  August,  1896,  was  40  miner's  inches.  Tliis 
is  the  year  of  least  rainfall  on  record  at  San  Bernardino.  In  January, 
1897,  the  flow  was  100  miner's  inches. 

The  distribution  is  in  iron  pii)es,  under  heads  varying  from  0  to  147 
feet.    This  pipe  was  laid  in  1890.    An  interesting  feature  in  this  sys- 
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teui  is  that  iron  pipe  of  14-gage  was  laid  under  the  same  general  con- 
ditions of  pressure  and  soil  as  some  16-gage  steel  pipe.  Both  i^ipes 
were  dipped  in  asphalt.  In  1897  the  iron  pipe  showed  very  slight  dete- 
rioration, while  the  steel  pipe  was  nearly  worn  out.  The  iron  pipe  is 
Wood's  charcoal,  soft  iron.  The  irrigation  in  this  district  is  all  by  the 
furrow  system.  The  most  of  the  orchards  are  of  citrus  fruit.  The 
duty  of  water  depends  upon  the  character  of  the  soil,  varying  from  6  to 
10  acres  i^er  miner's  inch  for  this  district. 

Discharge  measurements  on  East  Twin  Creek. 

Second- feet. 

Jnue  12, 1898  .*   2.05 

September  9, 1898  73 

This  may  be  taken  as  minimum  flow. 

WEST  TWIN  CREEK. 

The  Savings  and  Banking  Company  of  San  Bernardino  irrigate  about 
25  acres  in  Watterman  Canyon,  and  the  West  Twin  Creek  Water  Com- 
pany divert  from  50  to  100  miner's  inches  by  means  of  a  flume  and 
irrigate  about  160  acres  to  the  southwest  of  the  canyon.  Citrus  fruit 
is  the  principal  product.  AH  of  the  water  goes  on  alternate  days  to 
these  two  localities. 

Discharge  measurements  on  West  Tivin  Creeh. 

Second-feet. 

June  11, 1898   2. 13 

September  9,  1898   38 

This  may  be  taken  as  a  minimum  record. 

CITY  CREEK. 

This  stream  discharges  from  the  22.2  square  miles  of  its  basin  50  to 
150  miner's  inches.  The  water  is  diverted  by  means  of  a  ditch,  and  is 
distributed  by  the  City  Creek  Water  Company  over  about  500  acres  of 
land  in  the  vicinity  of  Highlands  on  citrus  orchards. 

Discharge  measuremeyits  on  City  Creek. 

Second-feet. 

June  11,1898   3.03 

September  9, 1898  07 

This  may  be  taken  as  a  minimum  discharge. 

PLUNGE  CREEK. 

The  course  of  this  stream  is  short  and  precii)itous,  and  the  condition 
of  its  flow  is  erratic,  large  volumes  of  w^ater  being  discharged  in  the 
winter  and  the  summer  flow  going  as  low  as  10  miner's  inches  (0.2 
second-feet).  In  June,  1897,  this  stream  was  flowing  75  miner's  inches 
(1.5  second-feet). 

The  first  diversion  was  in  earthen  canals.    The  water  is  now  diverted 
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by  means  of  a  little  bed-rock  dam  at  a  point  IJ  miles  above  the  mouth 
of  the  canyon.  In  1897  a  cement-lined  rock  ditch,  with  a  capacity  of 
200  miner's  inches  (4  second-feet),  was  constructed  to  the  northwest 
along  the  base  of  the  mountains  for  about  3  miles.  There  are  about 
200  acres  of  citrus  fruits  irrigated,  lying  above  the  North  Fork  ditch 
and  near  the  asylum. 

A  small  reservoir  is  used  for  storage  i^urposes  for  a  portion  of  the 
water,  and  a  portion  is  run  through  the  North  Fork  ditch  and  taken 
out  again. 

The  cement  canal  was  built  by  the  East  Highlands  Orange  Company. 
This  company  owns  all  of  the  water  but  ''five  hours'  run;"  that  is, 
nineteen  twenty-fourths  of  it. 

Discharge  measurements  on  Plunge  Creek. 

Second -feet. 

June  11, 1898   2.26 

September  9, 1898   20 

This  may  be  taken  as  a  minimum  measurement. 

DEVILS  CANYON. 

The  stream  from  this  basin  is  owned  by  the  Muscapiabe  Land  and 
Water  Company.  It  is  said  that  200  acres  of  land  near  the  mouth  of 
this  canyon  are  irrigated  with  this  water. 

MOHAVE  RIVER. 

Mohave  Eiver  rises  on  the  northern  slope  of  the  Sierra  Madre  Moun- 
tains in  San  Bernardino  County,  California.  Its  course  is  semicircular, 
flowing  progressively  west,  north,  and  east,  and,  as  is  common  in  the 
arid  region,  decreasing  in  volume  as  it  progresses  onto  the  plains,  until 
the  surface  flow  at  last  disappears  in  a  sandy  bed  a  short  distance 
below  Barstow.  The  head  waters  of  this  stream  flow  from  elevations  of 
5,000  to  8,000  feet,  and  at  an  elevation  of  1,900  feet  disappear,  the 
foothills  of  these  mountains  being  3,000  feet  above  the  level  of  the  sea. 

On  PI.  LXIX  are  views  of  the  San  Bernardino  Mountains,  that 
marked  A  being  a  winter  scene  in  Little  Bear  Valley.  This  is  immedi- 
ately north  of  the  crest  of  the  San  Bernardino  Mountains  and  is  the 
portion  of  the  drainage  basin  of  Mohave  Kiver,  tributary  to  the  Arrow- 
head reservoir  storage  basin,  in  Little  Bear  Yalley.  The  snowfall  in 
this  locality  is  heavy,  as  shown  by  the  view. 

In  PI.  LXIX,  is  shown  a  portion  of  the  drainage  basin  of  Mohave 
Eiver,  this  being  taken  at  a  point  below  the  altitude  of  the  lines  of  the 
Arrowhead  reservoir,  the  area  shown  in  the  foreground  being  tribu- 
tary to  the  lower  works  on  the  stream  located  at  Daggett  and  the 
proposed  canals  for  Victor.  The  view  illustrates  the  conditions  in 
midwinter. 

The  basin  may  be  classified  in  three  parts:  Mountainous  portions, 
251  square  miles;  foothills,  219  square  miles;  plains  and  desert  buttes, 
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VIEWS  IN  SAN  BERNARDINO  MOUNTAINS,  CALIFORNIA. 
A,  Winter  scene  at  Little  Bear  Valley;  B,  Head  of  Mohave  River,  San  Antonio  Mountain  in  the  distance. 
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1,000  square  miles ;  making  a  total  drainage  area  above  Daggett  of  1,470 
square  miles.  These  areas  are  measured  by  plainimeter  on  the  county 
map. 

To  the  west  there  are  many  mountains  that  drain  toward  Mohave 
Desert,  but  the  streams,  which  are  small  and  few  in  number,  disappear 
as  soon  as  they  reach  the  hot  sands  of  the  desert.  The  general  slope 
of  this  great  valley  is  toward  Mohave  River  from  the  west  at  the  rate 
of  2  feet  to  the  mile,  but  the  rainfall  is  so  light  (about  3  inches  per 
annum)  and  the  summer  heat  so  great  that  the  run-off  is  at  least  not  on 
the  surface. 

Mr.  H.  B.  Hedges  measured  Mohave  Eiver  on  September  20,  1894, 
and  found  30.66  second-feet  at  the  Victor  ]N'arrows.  September  27, 
1895,  he  found  53.79  second-feet.  The  river  sinks  in  the  summer  in  the 
Mohave  sand  wash  within  half  a  mile  of  the  mouth  of  the  canyon,  at 
the  junction  of  the  east  and  west  forks,  and  the  flow  is  then  under- 
ground for  9  miles.  It  then  rises  to  the  surface,  at  a  point  7  miles  from 
the  Victor  Narrows,  and  increases  in  volume  to  that  point.  This 
amount  is  above  midsummer  average. 

Mohave  River  has  cut  through  a  low  range  of  hills  a  mile  south  of 
the  town  of  Victor.  The  gorge  is  narrow,  with  abrupt  granite  cliffs 
on  each  side.  A  contour  145  feet  above  the  bed  of  the  stream  at  this 
point  incloses  7,500  acres.  This  is  the  greatest  natural  reservoir  site 
in  southern  California.  The  depth  of  bed  rock  at  the  dam  site  is  over 
50  feet,  and  it  is  said  that  it  has  never  been  found  at  midstream.  This 
site  is  in  ijosition  to  catch  the  great  flood  of  this  basin.  The  water 
from  it  could  be  used  on  the  northern  bench  lands  of  the  Sierra  Madre 
Mountains. 

In  the  mountains  of  this  basin  the  rains  are  frequently  very  heavy, 
often  falling  on  slopes  that  are  both  rugged  and  steep,  thus  yielding 
floods  which,  pouring  out  of  the  hills  far  beyond  the  ordinary  limit  of 
surface  flow  into  the  desert,  fill  the  i)orous  sand  and  gravel  of  the  river 
l)eds  as  they  progress,  and  disappear  as  rapidly  as  they  came.  From 
twenty-four  hours  to  a  week  later  the  bed  of  the  stream  at  the  surface 
will  again  be  found  dry.  This  is  the  general  character  of  Mohave 
River.  During  the  summer  it  flows  in  places,  where  the  general  posi- 
tion of  the  canyon  walls  or  of  the  bed  rock  forces  the  water  to  the 
surface,  in  a  stream  of  from  20  to  30  second- feet,  rising  and  sinking  on 
its  uncertain  journey  as  it  encounters  impervious  material,  and  finally 
losing  itself  in  the  sand. 

ARROWHEAD  RESERVOIR  COMPANY. 

The  Arrowhead  Reservoir  Company  has  partially  constructed  works 
for  the  diversion  of  the  head  waters  of  Mohave  River  into  San  Bernar- 
dino Valley.  The  drainage  basins  tributary  to  this  system  are  the 
heads  of  both  the  East  and  West  forks  of  Mohave  River,  and  extend 
from  Holcomb  Creek  on  the  extreme  east  to  Huston  Creek  on  the 
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extreme  west.  The  soutliern  limit  of  tbe  biisiu  is  the  crest  of  Sau  Ber- 
nardino Monntains,  the  northern  and  western  limit  the  line  of  diver- 
sion, conduits  and  reservoirs  extending  from  Holcomb  Creek  to  the 
saddle  on  the  crest  at  the  head  of  the  Arrowhead  toll  road,  which  is 
at  a  point  on  the  range  immediately  north  of  San  Bernardino,  through 
which  depression  the  line  is  to  i3ass  with  a  tunnel  5,900  feet  long.  As 
is  usual  with  the  mountains  of  southern  California,  the  southern  slopes, 
which  are  exposed  to  the  summer  sun  and  winter  storms,  are  much 
more  precipitous  than  those  on  the  north.  This  basin,  which  is  near 
the  crest  of  the  range,  is  not  so  precipitous  as  the  slopes  on  the  south 
or  on  the  sides  nearer  the  desert.  The  formation  is  wholly  granitic, 
with  soil  covering,  the  bed  rock  seldom  being  on  the  surface  in  large 
quantities. 

The  slopes  are  from  2  to  1  to  4  to  1,  the  highest  and  roughest  portion 
of  the  basin  being  Crafts  and  Butler  peaks,  which  are  8,000  and  8,120 
feet  high,  respectively.  The  gentle  slopes  and  soil  covering  are  favor- 
able to  the  diversion  works  which  are  projected.  Yellow  pine,  sugar 
pine,  fir,  and  oak  grow  in  considerable  abundance,  being  thickest  on 
the  crest  and  diminishing  toward  the  desert  in  both  size  and  number 
of  trees.  The  extreme  northern  portion  of  the  basin  is  covered  with 
brush  only.  In  no  place,  however,  are  the  forests  so  dense  as  those  of 
the  Sierras  in  northern  California.  A  considerable  portion  of  the  area 
is  included  in  San  Bernardino  Forest  Eeserve,  created  by  act  of  Con- 
gress March  3,  1891,  and  extending  from  Cajon  Pass  to  San  Gorgonia 
Pass. 

The  following  are  the  drainage  basins  tributary  to  the  Arrowhead 
Company's  reservoirs: 

Square  miles. 


Hustou  Flat   2.  72 

Grass  Valley   2.  72 

Portion  above  canal   1.  96 

Little  Bear  Valley   6.  60 

Portion  above  canal   2.  88 

Deep  Creek   14. 51 

Green  Valley  Creek   2. 10 

Crab  Creek   4.25 

Portion  below  Crab  Creek   5.  29 

Box  Canyon  (approximate)   8. 00 

Portion  below  box   1.  76 

Area  northwest  of  Crafts  Peak   3. 03 

Holcomb  Valley   30.49 


Total   86.31 


RAINFALL. 

The  meteorological  work  that  has  been  carried  on  by  the  Arrowhead 
Company  is  of  a  most  thorough  and  extended  nature.  This  company 
is  one  of  the  few  in  the  West  to  appreciate  fully  the  value  of  infor- 
mation of  this  nature.  It  would  seem  imperative  that  the  question  of 
available  water  supply  should  be  thoroughly  understood  before  works 
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are  designed  or  contracts  entered  into  for  the  sale  or  rental  of  water, 
yet,  singular  as  it  may  be,  few  have  grasped  this  truth.  Many  promi- 
nent engineers  have  reckoned  without  this  definite  knowledge  and  have 
built  or  designed  works  that  have  been  much  too  large  and  have  had 
to  reduce  the  section  of  their  conduits  after  construction  was  started. 
The  Arrowhead  Company  lias  properly  held  back  its  work  for  a  term 
of  j^ears  pending  the  compilation  of  these  records,  through  a  sufficient 
length  of  time  to  establish  the  relation  between  maximum,  minimum, 
and  mean  years  of  precipitation  and  run-off.  Mr.  H.  B.  Hedges  was 
placed  in  charge  of  the  engineering  department  of  the  company  in  1893. 
He  has  made  a  special  study  of  this  subject,  and  it  is  due  to  his  efforts 
in  large  part  that  these  data  were  obtained. 

It  is  evident  that  this  information  is  of  such  nature  as  to  be  abso- 
lutely necessary,  and  that  it  should  always  precede  construction. 
Owing  to  the  great  length  of  time  needed  to  form  accurate  estimates  on 
this  subject  many  are  discouraged  before  starting.  In  determining  this 
information  much  has  been  learned  as  to  the  topographic  iniiuence  on 
the  amount  of  precii)itation,  evaporation,  and  run-off.  The  location  of 
the  rain  gages  of  the  company  are  indicated  by  small  dots  on  the  map 
(fig.  192). 

It  has  been  found  that  the  storms  approach  these  higher  summits 
from  the  southwest,  and  that  the  rainfall  is  preceded  by  several  days 
of  wind  from  that  direction.  The  rain  is  also  preceded  by  a  fog  that 
drifts  in  from  the  same  quarter,  first  through  the  low  passes.  In  a 
short  distance  after  passing  the  crest  this  encounters  the  arid  desert 
air,  and  the  fog  mist  is  soon  converted  to  aqueous  vapor  again  and  dis- 
appears. As  the  mist  continues  and  increases  it  gradually  prevails, 
covering  the  jjeaks  and  advancing  toward  the  desert.  The  rain  gages 
prove  this  condition  to  exist.  The  gage  located  in  the  passes  on  the 
crest  shows  more  rainfall  than  those  located  on  the  higher  adjacent 
ground.  It  is  stated  that  one  may  watch  the  advancing  storm  from  a 
pass,  and  by  retreating  up  the  sides  keep  out  of  the  rain  w^hile  watching 
the  storm  for  an  hour  or  more.  In  a  rain  of  4  inches  as  recorded  at  a 
pass,  but  3  inches  would  not  be  unusual  at  an  elevation  of  500  feet  above 
and  adjacent  to  this  location.  As  the  storm  advances  toward  the  desert 
its  elevation  decreases,  the  temperature  of  the  cloud  increases  with  its 
descent,  and  the  relative  humidity  at  last  falls  below  the  dew  point 
and  precipitation  ceases.  Hence  the  rain  gage  of  Holcomb  Valley, 
which  is  3  miles  from  the  crest,  shows  about  one-half  the  rainfall  of  the 
gages  at  the  crest.  The  points  where  the  greatest  precipitation  occurs 
are  in  the  passes  and  small  mountain  valleys  about  one-half  mile  beyond 
the  crest.  In  the  rainfall  table  given  below  Morse's  is  such  a  location, 
and  it  shows  a  very  heavy  precipitation. 

From  the  above  it  will  be  seen  that  much  skill  and  care  should  be 
used  in  placing  the  gages  so  as  to  determine  the  mean  rainfall  of  a 
basin.    While  gages  should  be  placed  in  the  valleys,  if  possible  they 
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should  be  also  placed  on  the  higher  sidehills.  The  Arrowhead  gages 
have  been  placed  in  series  north  and  south,  east  and  west,  as  nearly  as 
practicable — for  example,  Daly  Summit  is  on  the  crest,  Morse's  is  one- 
half  mile  north,  Grass  Valley  is  IJ  miles  north  of  the  crest.  Tunnel  0 
3J  miles  north  of  same.  The  results  show  that  the  rainfall  decreases 
as  the  storm  moves  east  and  north. 

The  rain  gages  used  by  this  company  are  of  the  standard  Govern- 
ment pattern,  with  catchment  cups  8  inches  in  diameter.  The  effort  is 
made  to  put  the  top  of  the  gage  in  an  open  spot  and  about  30  inches 
above  the  ground  or  snow.  It  is  interesting  to  note  that  in  windy 
storms  the  depth  of  water  falling  in  an  evaporating  pan  3  feet  square 
is  substantially  more  than  that  shown  in  the  8-inch  circular  rain  gage. 

A  party  of  4  to  6  men  is  kept  in  the  mountains  to  make  these  meas- 
urements. As  soon  as  a  storm  is  over  men  are  started  out  with  horses 
or  on  snowshoes  to  make  the  round  of  the  stations.  An  interesting  fact 
determined  by  these  measurements  is  that  the  snow  is  much  drier  to 
the  north  and  east  from  the  crest,  especially  in  Upper  Holcomb  Valley. 
While  at  Grass  Valley  and  Gate  House  the  ratio  of  sdow  to  water  is 
about  5  to  1;  in  the  Upper  Holcomb  Valley  it  is  fully  10  to  1.  The 
result  is  that  the  greater  part  of  precipitation  is  lost  by  evaporation  in 
Holcomb  Valley. 

'  LIST  OF  ARROWHEAD  RAIN  GAGES. 

1.  Lower  Toll  House;  elevatioii,  2,100  feet;  1  mile  up  Waterman  Canyon  from 
mouth  of  soutli  slope. 

2.  Oak  Flat ;  elevation,  4,550  feet ;  near  the  head  of  Waterman  Canyon,  south  slope. 

3.  Upper  Toll  House;  elevation,  4,830  feet;  on  crest  at  head  of  Waterman  Canyon. 

4.  Huston  Flat;  elevation,  4,500  feet;  north  slope,  1  mile  north  of  crest. 

5.  Squirrel  Inn;  elevation,  5,300  feet;  on  crest  of  ranjje. 

6.  Strawberry  Flat;  elevation,  5,650  feet;  one  half  mile  north  of  the  summit  of 
Strawberry  Peak  (crest). 

7.  Morse's;  elevation,  5,350  feet;  one-half  mile  north  of  summit  on  side  hill. 

8.  Daly  Summit;  elevation,  5,480  feet;  on  summit  at  head  of  Little  Bear  Creek. 

9.  Measor's;  elevation,  5,480  feet;  on  summit  at  head  of  Little  Bear  Valley  drain- 
age basin. 

10.  Keffle's;  elevation,  5,520  feet;  summit  at  the  head  of  Cooks  Creek  (Little 
Bear  Valley  drainage). 

11.  Heaps  Peak;  elevation,  5,550  feet;  summit  on  north  side  on  divide  between 
Little  Bear  and  Deep  Creek. 

12.  Hunsacker  Flat;  Deep  Creek  Basin,  1  mile  northeast  of  crest. 

13.  Soutli  Fork  of  Deep  Creek ;  one-half  mile  north  of  crest. 

14.  East  Fork  of  Deep  Creek;  one-half  mile  west  of  divide  between  Deep  Creek 
and  Bear  Creek  (Santa  Ana). 

15.  Green  Valley;  elevation,  6,900  feet;  at  Bear  Valley  Toll  House,  3^  miles  north 
of  main  creek. 

16.  Crafts  Peak;  elevation,  7,100  feet;  one-half  mile  north  of  peak,  Holcomb 
drainage. 

17.  Upper  Holcomb  Valley ;  elevation,  7,200  feet;  in  Upper  Big  Bear  Valley  (Santa 
Ana)  drainage,  about  5  miles  north  of  Old  Bear  Lake  (Baldwin's)  to  11.5  miles  north- 
east of  crest. 

18.  Cienega  Redondo;  elevation,  5,300  feet;  on  the  north  side  of  Holcomb  Creek, 
6  miles  north  of  main  crest,  on  ^'Desert  side  of  Holcomb  Basin." 
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19.  Coxs  Canyon;  elevatiou,  5,250  feet;  on  north  side  of  Holcomb  slope,  7  miles 
north  of  crest,  on  ^'Desert  side  of  Holcomb  Basin.'' 

20.  Crab  Park;  elevation,  5,100  feet;  in  a  flat  5  miles  north  of  crest  in  Deep  Creek 
Basin. 

21.  Gate  House;  elevation,  5,160  feet;  2  miles  north  of  crest  on  north  side  of  Lit- 
tle Bear  Valley. 

22.  Fleming's  mill;  elevation,  5,025  feet;  Little  Bear  Valley,  in  a  flat  1^  miles 
north  of  crest. 

23.  Talmadge's;  elevation,  5,100  feet;  in  a  flat  in  Little  Bear  Valley  at  west  end 
of  reservoir,  1|  miles  north  of  crest. 

24.  Section  9;  elevation,  5,150  feet;  in  a  flat  at  the  end  of  Little  Bear  Valley  Res- 
ervoir site,  2^  miles  north  of  crest. 

25.  Grass  Valley;  elevation,  5,050  feet;  in  a  flat  1^  miles  north  of  crest,  in  center 
of  proposed  reservoir. 

26.  Summit  between  Grass  Valley  Creek  and  West  Fork  of  Mohave  Creek;  eleva- 
tion, 5,300  feet;  2|  miles  north  of  crest. 

27.  Tunnel  C  ;  elevation,  4,920  feet;  in  a  flat  3^  miles  north  of  crest. 

28.  Tunnel  No.  2,  north  end  of;  elevation,  4,900  feet;  3  miles  north  of  Strawberry 
Peak  (crest). 

The  Arrowhead  Reservoir  Company,  for  sufficient  reasons,  does  not 
desire  to  make  all  of  the  information  from  these  stations  public  at  the 
present  time,  but  has  kindly  furnished  to  the  United  States  Geological 
Survey  the  data  for  the  accompanying  tables. 


Seasonal  rainfall,  San  Bernardino,  California. 


Tear. 

Inches. 

Year. 

Inches. 

Tear. 

Inches. 

Tear. 

Inches. 

1870-71 

13.94 

1877-78 

20. 33 

1884-85 

10.  81 

1891-92 

14.35 

1871-72 

8.  98 

1878-79 

11.54 

1885-86 

2L83 

1892-93 

19.  82 

1872-73 

15. 10 

1879-80 

20.36 

1886-87 

14.50 

1893-94 

8. 13 

1873-74 

23.81 

1880-81 

13.50 

1887-88 

17.  76 

1894-95 

20.  98 

1874-75 

13.65 

1881-82 

11.54 

1888-89 

20. 97 

1895-96 

8. 11 

1875-76 

19.90 

1882-83 

9. 17 

1889-90 

25.45 

1896-97 

16.  74 

1876-77 

9.52 

1883-84 

37.51 

1890-91 

18.  08 

1897-98 

8. 12 

Mean.- 

16.23 
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Table  of  rainfall  at  the  stations  of  the  Arrowhead  Reservoir  Company  on  San  Bernardino 
Mountain  and  at  the  city  of  San  Bernardino,  California. 


Holcoml) 
Creek. 

Deep 
Creek. 

Upper  Hol- 
comb.  a 

Green 
Valley. 

Little  Bear 
Valley. 

Distance  from  crest . .  miles . . 

Elevation  feet.. 

Precipitation  (h) — 

1891-92  inches.. 

O 

5,  220 

2.6 

5,  200 

11.5 
7,  200 

0.3 

6,  700 

2 

5,  160 

20.64 
41.56 
23.08 
48.  65 
13.  28 
33.  48 
14.48 

.1892-93   do.... 

1893-  94   do.... 

1894-  95   do  

1895-  96   do.... 

1896-  97   do.... 

19.13 
14.56 
33.  27 
8.  61 
19.87 
11.42 

46.  00 
18.  55 
43.  36 
11.85 
33. 12 
16.  78 

c  11.  70 
15.  27 
21.  80 

7.90 
13.  50 

9. 30 

43.07 
22.04 
49.  93 
18.  49 

1897-98 -  -  -  do-... 

Mean  

Mean   based  on  San 
Bernardino  

17.  81 
21.20 

28.  28 

33.  66 

13.  25 
15.77 

33.38 
39.  73 

28.74 
34.21 

Morse's. 

Grass 
Valley. 

Squirrel 
Inn. 

Bear 
Valley. 

City  of 
Sa.n 
Bernardino. 

Distance  from  crest . . miles . . 

Precipitation  (Z>) — 

1891-92  inches.. 

5 

5,  350 

1.5 

5,  050 

0.0 

5,  500 

0.0 
6,  000 

38.  00 
44.32 
19.  75 
50.  00 

1,  073 

14.35 

19.  82 
8. 13 

20.  98 
8.11 

16.  74 
8. 12 

1892-  93   do.-.. 

1893-  94   do.-.. 

1894-  95   do.-.. 

1895-  96   do---. 

70.  75 

38. 69 
68.  72 
25.20 
54.50 
33.  06 

e 17.  79 
58. 16 
17.30 

e31.47 
30. 47 
50.  34 
17. 54 
40.  65 
25. 11 

1896-  97   do-... 

1897-  98   do.... 

Mean   

Mean  based  on  San 
Bernardino  

48.  48 
57.  70 

32.  59 
38.  68 

/53.  70 

g  16.  23 

a  NE.  I  sec.  33,  T.  3  N.,  R.  1  W.  d  September  1  to  April  30. 

&Tears  ending  August  31.  ^Record  begun  December  1, 1893. 

c  Record  begun  January  1, 1893.  /Mean  for  twelve  years. 

gTo  April  30,  1898,  mean  for  twenty-eigbt  years. 


All  of  tliese  records,  save  those  for  Bear  Yalley  and  Sau  Bernardino, 
are  the  result  of  their  observations.  A  comparison  is  made  between 
the  Arrowhead  and  San  Bernardino  records,  as  follows :  The  record  for 
the  town  extends  over  twenty-eight  years  and  has  a  mean  to  date  of 
16.23  inches  of  precipitation.    The  Arrowhead  records  begin  in  1891 
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and  1892;  for  example,  Holcomb  Creek  record  begins  in  September, 
1892,  and  extends  to  the  summer  of  1898.  During  these  six  years  a 
mean  of  17.81  inches  of  rain  is  shown  at  Holcomb  Creek.  During  the 
same  period  at  San  Bernardino  the  rainfall  was  84  per  cent  of  the 
twenty- eight-year  mean.  Accepting 
this  Holcomb  Creek  mean  as  84  per  cent 
of  a  twenty-eight-year  mean,  a  proba- 
ble ultimate  mean  of  21.2  inches  is  ob- 
tained for  Holcomb  Creek.  The  prob- 
able ultimate  mean  for  each  section  is 
thus  obtained.  Comparisons  with  the 
Bear  Valley  record  lead  us  to  doubt  the 
accuracy  of  that  record. 

Mr.  Sidney  P.  Waite,  of  San  Bernar- 
dino, has  furnished  the  record  of  pre- 
cipitation of  that  station  from  1870-71 
to  1891-92,  after  which  it  was  taken  up 
by  Dr.  A.  K.  Johnson,  who  is  now  the 
observer  for  the  United  States  Weather 
Bureau.  Mr.  Waite  only  ceased  his 
records  because  a  storm  wrecked  his 
apparatus.  An  interview  was  held  with 
him  in  which  he  said  that  his  gage  had 
been  procured  from  the  Smithsonian 
Institution,  at  a  cost  of  25  cents.  It 
was  20  inches  high,  had  a  12-inch  mouth, 
and  was  located  in  an  open  lot  free  from 
trees  or  other  eddy-causing  objects  and 
was  placed  4  feet  above  the  ground. 
All  the  surroundings  indicate  that  his 
contributions  to  the  meteorological  sta- 
tistics of  this  region  are  reliable. 

EVAPORATION. 

A  pan  is  set  in  a  concrete  bay,  on  a 
side  hill  at  the  Gate  House,  Little  Bear 
Valley,  at  an  elevation  of  5,125  feet. 
There  are  a  few  large  trees  on  the  hill, 
but  none  within  100  feet  of  the  pan. 
The  topographic  exposure  is  open  from 
the  southeast  to  the  southwest,  and 
slightly  interrupted  from  the  northwest 

to  the  northeast.  Measurements  for  evaporation  were  made  with  a 
hook  gage  twice  a  day.  The  pan  is  a  3-foot  cube  iron  basin,  set  in  a 
concrete  bay  5  feet  square  and  4  feet  deep. 

Mr.  H.B.  Hedges  designed  the  apparatus  shown  in  lig.205  to  determine 


Fig.  205. — Apparatus  for  measuring  evap- 
oration from  snow,  a,  Ordinary  outer 
cylinder  of  a  standard  rain  gage,  b,  Iron 
band  that  supports  the  cylinder  to  a 
standard  c.  d,  Set  screw  that  permits 
the  entire  apparatus  to  he  raised  to  a  ■ 
desired  level,  e,  False  bottom  that  may 
be  raised  and  lowered  by  the  scale  /. 
g,  g,  Screw  clamps  that  permit  the  lifting 
of  the  entire  cylinder  from  the  band  &, 
so  that  it  may  be  weighed,  h,  Stopcock 
that  may  be  used  to  draw  off  the  water, 
i,  Box  into  which  the  cylinder  may  be 
lowered  if  desired. 


622 


PROGRESS  OF  STREAM  MEASUREMENTS  FOR  1897. 


the  evai)oriitioii  from  snow,  and  also  that  for  measuring  percolations, 
shown  in  fig.  206. 

The  cylinder  is  tilled  either  by  falling  snow,  which  is  desirable,  or  by 
inverting  and  pressing  down  onto  the  snow  plane.  The  cylinder  with 
the  snow  is  then  weighed.  The  false  bottom  is  raised  so  that  the  snow 
stands  above  the  top  rim  of  the  cylinder  for  a  number  of  inches,  depend- 
ing on  the  character  of  the  snow,  wet  snow  being  lifted  as  much  as 
3  inches  above  the  top  of  the  cylinder.  By  means  of  the  rod  c  and  the 
screw  cl  the  top  of  the  snow  in  the  apparatus  is  adjusted  to  the  top  of 
the  snow  as  it  lies  on  the  surrounding  areas.  The  gap  between  the 
cylinder  and  the  surrounding  snow  plane  is  carefully  filled  to  produce 
uniform  conditions.  Each  twenty-four  hours  the  cylinder  is  removed 
with  its  snow  and  weighed.    The  loss  in  weight  determines  the  evapo- 


 Ill-"'" 


Fig.  206. — Apparatus  for  determining  percolation  of  water  through  soil. 

ration.  The  accumulated  melted  snow  is  then  drawn  off  through  the 
cock  h.  It  was  found  that  the  iron  tends  to  melt  the  snow,  and  it  has 
been  suggested  that  paper  be  used  in  its  place  as  far  as  possible.  Care 
is  taken  to  maintain  a  contact  between  the  snow  bank  and  the  sides 
of  the  cylinder  to  keep  down  the  temperature  of  the  cylinder;  but  a 
small  space  is  kept  between  the  snow  extending  above  the  top  of  the 
cylinder  and  the  snow  bank.  As  the  snow  is  usually  heavy  and  wet, 
little  trouble  has  been  experienced  with  drifts. 

PERCOLATION. 

A  3-foot  tank  of  iron,  as  shown  in  fig.  206,  was  filled  with  earth, 
placed  in  the  same  condition  as  found  in  the  hole  from  which  it  was 
excavated  and  tamped  to  its  natural  compactness.  The  water  that 
I)enetrates  is  drawn  oft'  through  a  pipe  and  measured.    The  soil  is  of 
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yellow  clay,  underlain  by  hardpan,  the  top  being  loam  and  disinte- 
grated granite. 

Previous  to  a  storm  the  box  is  drained.  Subsequent  rainfall  is  meas- 
ured on  the  standard  rain  gage.  After  the  first  and  before  the  next 
storm,  or  at  the  end  of  the  month,  the  water  from  the  box  is  drawn  off 
through  the  pipe  and  cock  and  is  measured.  The  difierence  in  volume, 
as  indicated  by  rain  gage  and  box,  shows  the  amount  of  water  i)ene- 
trating  the  soil.  The  loss  is  evaporated  from  the  surface  of  the  soil. 
This  box  is  located  at  the  Gate  House.  The  object  is  to  determine  the 
amount  of  water  penetrating  to  bed  rock. 

The  humidity  ranges  from  14  per  cent  up.  The  probable  average 
humidity  during  the  summer  is  about  25  per  cent.  During  the  winter 
months  the  average  will  probably  be  about  35  per  cent.  The  winds 
from  the  north  are  very  dry,  varying  from  15  to  20  per  cent. 

Precipitation ,  evaporation,  ahsorption,  etc.,  at  the  gate  house  of  the  Arroivhead  Reservoir 

Companij  at  Little  Bear  Valley. 

(Elevation,  5,160  feet;  latitude,  34°  16'  10"  north;  longitude,  177°  11'  24"  west  of  Greenwich;  San  Ber- 
nardino County,  California.] 


Month. 


1895. 

March  

April  

May  

June  

July  

August  

September . . 

October  

November  . . 
December  . . 

1890. 

.January  

February  . . . 

March  

April  

May  

June  

July  

August  

September . . 

October  

November  . . 
December  . . 


Temperature. 


f3 

5 

g 


71.0 
77.0 
86.0 
84.  0 
88.0 
89.0 
83.0 
84.0 
69.0 
70.0 

67.0 
68.0 
73.0 
65.0 
81.0 
96.  5 
90.0 
88.0 
88.0 
74.0 
68.0 
69.0 


a 
a 

a 


18.  0 
24.0 
30.0 
31.0 
40.0 
38.0 
33.0 
32.0 
22.0 
14.0 

22.0 
22.0 
1.5.0 
23.0 
26.0 
36.0 
37.0 
43.0 
32.0 
27.0 
18.0 
23.0 


P 


42.4 
49.1 
55.4 
62.2 
63.8 
06.2 
62.2 
54.5 
38.8 
38.9 

42.5 
43.4 
41.5 
41.7 
52.1 
64.1 
68.3 
66.2 
58.7 
54.3 
44.0 
42.3 


Precip- 
itation. 


Inches. 
.  8.82 
1.31 
.24 
.00 
.00 
Trace. 
.00 
.00 
2.65 

1.  75 

2.  88 
Trace. 

4.21 
1.72 
.47 
.00 
.00 
.33 
.00 
2.  30 
1.  38 
1.98 


Evaporation. 


Water  sur-  '  Snow  sur- 
face, face. 


m 
M 


1.12 

1.  84 

5.  30 
6.60 

6.  30 
6.  20 

5.  05 

2.  80 
1.20 

.34 

.09 
.81 
.94 
3.39 
2.  86 

6.  50 
5.  04 
5.  50 
4.  01 
4.05 
1.28 
1.23 


u 
ft 

S 
H 


o 

38.0 
42.0 
58.0 
60.6 
67.1 
66.2 
58.6 
52.6 
42.0 
38.6 

39.0 
43.0 
42.0 
44.0 
59.0 
67.0 
67.  5 
65.0 
60.0 
54.0 
46.0 
39.0 


o 

m 


In. 
C.64 


05 


.55 


u 

as 
o 
ft 


Hrs. 
192 


10 


107 


s 

ft-; 

CS  O 
CO 

a  fee 

IB 


In. 


0. 17 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

.00 
.00 
.09 
.  13 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 


Wind. 

tion. 

'o 

u 
o 
u 

a 

q 

liling  di 

Total 

Maxi 

Prevj 

Milesi 

4,  787 

24 

ssw. 

4,  207 

29 

sw. 

3,  723 

30 

sw. 

3,  589 

35 

s. 

2,  324 

32 

s. 

3,  032 

27 

s. 

1,790 

21 

s. 

2, 120 

12 

sw. 

3,  070 

19 

sw. 

2.217 

23 

N. 

2,  848 

15 

sw. 

2,  956 

27 

N. 

4,546 

67 

s. 

6,112 

38 

s. 

3,  953 

30 

sw. 

4,  727 

30 

sw. 

4,  465 

27 

sw. 

4,061 

25 

sw. 

3,  083 

19 

sw. 

3,  470 

37 

sw. 

3,950 

30 

sw. 

2,  619 

27 

N. 
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Preci2ntation,  evaporation,  ahsorption,  etc.,  at  the  gate  house  of  the  Arrowhead  Beservoir 

Company  at  Little  Bear  Valley — Continued. 

[Elevation,  5, 160  feet;  latitude,  34°  16'  10"  north;  longitude,  177o  11'  24"  west  of  Greenwich  ;  San  Ber- 
nardino County,  California.] 


Month. 


1897. 
January . 
February 
March  . . . 

April  

May  


Temperature. 


a 
a 


a 
a 

'3 


o 

57.0 
57.0 
60.0 
77.0 
85.0 


18.0 
5.0 
18.0 
25.0 
33.0 


a 

eg 
® 

3 


35.2 
32.0 
33.4 
51.1 
56.3 


Precip- 
itation. 


Inches. 
5. 16 
12.  05 
10. 17 
.03 
.15 


Evaporation. 


"Water  sur- 
face. 


m 

PI 


,57 
,24 


3.01 
4.  75 


-♦-> 

4) 
ft 

a 

H 


o 

38.0 
38.0 


43.0 
52.0 


Snow  sur- 
face 


o 
a 

m 


In. 
.72 
.61 

1.  21 


m 
o 


Hrs. 
335 
144 
288 


o 

CO 

O 

.® 
-^.^ 


In. 
.00 
.34 

1.35 
.55 
.  01 


Wind. 


-♦J 
'S 

u 

o 

> 

Total. 

a 

ej 

vaili 

Pro^ 

Miles. 

4,  312 

39 

SW. 

3,  422 

41 

N.,  SW. 

5,  448 

45 

SW. 

2,  867 

30 

X.,SW. 

3,986 

20 

SW. 

Note.—  The  mean  temperature  is  the  average  of  the  daily  means. 

Comparison  of  the  rate  of  evaporation  from  snotv  with  thai  from  ivater  at  Little  Bear 

Valley,  California. 

[Latitude,  34°  16'  10";  longitude,  117°  11'  24";  elevation,  5,160  feet.] 


Rate  of  snow 

Evaporation 

evaporation 

Ratio  of  snow 

Precipita- 

Date. 

Wind. 

from  water 

for  the  month 

to  water 

tion  for  the 

for  month. 

(inches  melted 

evaporation. 

month. 

snow). 

Total  miles. 

Inches. 

Per  cent. 

Inches. 

March,  1895   

4,  787 

1.12 

2.48 

2.  21 

8.  82 

March,  1896   

4,546 

.94 

3.79 

4.03 

4.  21 

January,  1897   

4,  342 

.57 

1.58 

2.  78 

5. 16 

February,  1897  . . . 

3,  422 

.24 

2.82 

11.  75 

12.  05 

March,  1897   

5,448 

a.  48 

3. 12 

11.75 

10,  17 

Meau  

4,  509 

.67 

2.  76 

&4.85 

8.08 

a  The  evaporation  from  the  water  surface  during  March,  1897,  could  not  be  measured.  It  is  assumed 
that  it  was  not  greater  than  twice  that  of  February",  1897,  or  0.48  inch. 

b  The  ratio  of  per  cent  of  evaporation  f  .  om  snow ,  given  as  4.85,  is  determined  by  multiplying  tlie  total 
number  of  hours'  exposure  by  the  per  cent  in  each  month  and  dividing  the  sum  of  the  products  by  the 
number  of  hours. 

The  amouiit  of  water  evaporated  is  measured  for  tlie  entire  month, 
while  the  snow  evaporation  is  for  much  shorter  periods  of  time.  When 
the  snow  is  covering  the  ground  humidity  would  naturally  be  greater 
and  the  relative  rate  of  evaporation  much  smaller;  the  presence  of  the 
snow  would  also  have  a  chilling  effect  on  the  air.  It  will  be  noted 
that  the  rate  of  evaporation  from  snow  in  these  instances  is  4.85  times 
that  of  the  water  evaporation  for  the  entire  month,  ranging  from  2.21 
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to  11.75  times  that  of  water.  This  wide  variation  is  due  doubtless  to 
the  direction  and  velocity  of  the  wind,  whether  it  blows  from  the  desert 
or  from  the  sea,  and  to  the  condition  of  the  snow,  whether  it  is  dry 
enough  to  drift  or  not.  The  snow  at  this  station  is  heavy  and  wet  as 
a  rule,  reducing  to  water  at  the  rate  of  5  to  1,  while  farther  toward  the 
desert  the  winds  and  snows  are  drier,  the  snow  reducing  in  Holcomb 
Yalley  at  the  rate  of  10  to  1  as  a  rule.  It  is  generally  admitted  that 
snow  evaporation  is  much  greater  in  Holcomb  Valley.  The  table 
shows  that  at  Little  Bear  Valley  34  per  cent  of  the  precipitation  of 
snow  is  evaporated  each  month. 

It  would  be  better  to  say  that  this  snow  is  evaporated  at  the  rate  of 
2.76  inches  of  melted  snow  per  month,  which  in  this  district  would  rep- 
resent a  depth  of  snow  ranging  from  13.8  to  27.6  inches,  and  this  occurs 
during  months  when,  as  may  be  seen  by  the  table  (pp.  623-624),  the  rate 
of  evaporation  is  very  markedly  below  the  normal.  It  should  be  remem- 
bered that  as  the  season  advances  the  snow  is  covered  with  a  crust 
that  protects  it  from  evaporation,  though  at  what  rate  is  not  known. 
Based  on  these  ligures,  it  would  seem  conservative  to  estimate  that 
on  the  higher  portions  of  the  basin,  where  the  snow  lies  on  the  ridges 
and  peaks  for  about  five  months,  and  where  wind  velocities  are  high, 
the  loss  in  depth  must  be  fully  100  inches  in  snow  depth  (8J  feet), 
representing  about  14  inches  of  water. 

The  writer  has  closely  watched  the  disappearance  of  snow  from  a 
drainage  basin  in  this  range  of  mountains.  A  snowfall  ranging  in 
depth  from  2  to  5  feet,  in  a  basin  of  200  square  miles,  has  simply  been 
so  "licked  up"  by  the  desert  wind  that  the  snow  would  disappear  in  a 
few  weeks  without  materially  increasing  the  flow  of  the  stream. 

One  is  led  to  doubt  if  the  northern  mountains,  where  the  snow  is 
held  for  months  until  summer  melting,  when  it  is  most  used  for  irriga- 
tion, have  much  advantage  over  the  southern  basins,  where  the  water 
must  be  caught  and  stored  from  winter  floods  that  can  not  be  retained. 

RUN-OFF. 

In  addition  to  the  other  valuable  physical  data  that  this  company 
has  been  collecting  is  its  record  of  stream  flow.  Weirs  have  been 
placed  in  all  of  the  creeks  and  clock  recorders  in  the  most  of  the  weir 
bays.  These  recorders  are  of  the  type  extensively  used  near  Kiverside, 
and  give  satisfaction.  The  cylinder  is  of  wood,  revolves  vertically, 
and  is  driven  by  a  clockwork  with  two  strong  springs.  The  holder 
of  the  pencil  point  is  driven  direct  and  works  in  two  vertical  guides. 
A  bay  to  the  side  from  the  creek  is  selected  to  insure  the  safety  of  the 
apparatus.  The  side  bay  is  connected  with  the  creek  by  a  line  of  vit- 
rified tiling.  The  same  difficulty  is  met  here  that  always  exists  when 
a  weir  is  put  in  a  mountain  stream — the  bay  at  once  Alls  with  sand  and 
the  accuracy  of  the  weir  is  destroyed.  The  greater  the  amount  of  water 
passing  over  the  crest  the  greater  the  error.  With  a  weir  bay  full  of 
sand,  and  a  head  of  2  feet  or  more,  errors  of  at  least  25  per  cent  might 
19  GEOL,  PT  4  40 
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be  anticipated  if  the  Francis  weir  formula  were  used,  the  weir  indicating 
too  little  water.  The  Bazin  weir  formula  would  give  much  more  exact 
results.  A  flume  25  feet  long  set  on  a  level  grade  in  the  bed  of  the  creek 
would  keep  itself  free  of  silt  and  could  be  accurately  rated  by  meter. 

The  observations  of  stream  flow  that  this  company  have  made  they 
naturally  prefer  to  retain  for  the  i)resent  for  their  exclusive  use. 
They  will  ultimately  be  furnished  to  the  public. 

In  the  face  of  existing  records  it  is  with  hesitation  that  an  attempt 
is  made  to  estimate  a  quantity  which  is  so  extremely  variable  and  diffi- 
cult of  determination.  With  a  mean  rainfall  of  35  inches  on  the  basin 
a  run-off  of  30  x)er  cent  may  be  anticipated,  or  48,000  acre-feet,  from  86 
square  miles  of  basin,  or  6,600  six-month  miner's  inches.  The  minimum^ 
will  probably  be  as  low  as  2,000  six-month  inches,  the  maximum  as  great 
as  20,000  six-month  inches.  These  figures  are  not  given  as  absolute. 
Tbey  are  based  on  observations  under  conditions  somewhat  similar  in 
other  portions  of  the  State.  The  company's  records  have  not  been 
seen  by  the  writer.    It  is  a  subject  extremely  difficult  to  judge  at  all. 

The  fluctuation  that  is  here  suggested  between  the  maximum  and 
minimum  indicates  the  great  need  of  storage  works  in  this  district. 
Not  only  is  the  annual  variation  great,  but  the  seasonal  variation  is 
still  greater.  Fully  three-fourths  of  the  annual  discharge  passes  off 
during  the  nonirrigating  season,  when  the  water  can  not  be  used. 
Fortunately  this  company  is  in  a  position  to  store  as  much  water  as 
they  may  elect  up  to  16,000  six-month  miner's  inches  (322  second-feet). 

WORKS. 

The  works  proposed  and  in  part  constructed  by  this  company  are 
extensive.  Beginning  at  a  point  on  Holcomb  Creek  at  an  elevation  of 
5,200  feet,  the  stream  is  to  be  diverted,  principally  by  means  of  tunnels 
and  pipes.  Open  conduits,  owing  to  ice  and  snow  during  the  principal 
carrying  season,  are  to  be  avoided  as  much  as  possible. 

Other  streams  are  appropriated  in  passing,  the  next  in  importance 
being  Deep  Creek.  In  this  way  the  water  from  77.03  square  miles  is 
diverted  into  the  Little  Bear  Valley  reservoir.  After  passing  this 
reservoir  small  tributary  streams  are  gathered  in  sufficient  to  make  a 
total  available  drainage  area  of  86.31  square  miles.  The  character  of 
the  district,  while  mountainous,  can  not  be  called  rugged.  Eoads  can 
be  built  along  the  line  at  a  cost  of  from  $200  to  $300  per  mile,  and 
most  of  the  material  within  5  feet  of  the  surface  can  be  moved  with 
the  pick  or  plow.  By  establishing  road  connection  to  the  Santa  Fe 
Railroad,  at  Oajon  Pass,  much  of  the  difficulty  of  getting  material  for 
the  works  can  be  overcome. 

The  line  has  not  yet  been  finally  located  from  Holcomb  Creek  to 
Little  Bear  Valley,  but  the  length  will  probably  be  about  7  miles.  The 
proposition  is  to  divert  all  water,  especially  the  winter  storm  waters, 
which  will  be  fully  80  per  cent  of  the  entire  amount,  through  the  diver- 
sion canals  to  the  Little  Bear  Valley  reservoir,  where  it  will  be  held 
for  summer  use.   The  length  of  the  line  from  the  Little  Bear  Valley 
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reservoir  to  the  divide,  through  which  the  water  will  pass  into  San 
Bernardino  Valley,  is,  approximately,  14  miles.  On  this  line  three  tun- 
nels have  been  constructed:  No.  1,  G,000  feet  with  approaches;  Ko.  2, 
2,000  feet  with  approaches;  C,  2,200  feet  with  approaches. 

These  tunnels  are  in  granite.  No.  1  is  the  outlet  from  Little  Bear 
Valley.  The  section  on  the  two  ends  was  7  feet  high  and  8  feet  wide,  but 
this  has  been  reduced  2  feet  in  Avidth  owing  to  a  further  knowledge  of 
the  water  supply.  Tunnel  No.  2  and  Tunnel  C  are  on  the  line  between 
Little  Bear  Valley  and  the  divide.  Two  other  reservoirs  along  the  line 
between  Little  Bear  Valley  and  the  divide  may  be  used  to  supplement 
the  supply.  The  Grass  Valley  reservoir,  which  is  above  the  elevation 
of  the  canal  grade,  has  2.72  square  miles  of  independent  drainage 
basin,  and  the  Huston  Flat  reservoir,  which  is  below  the  grade  of  the 
approaching  conduit,  just  before  it  reaches  the  divide,  forms  a  portion 
of  the  line.  The  foundations  for  a  dam  160  feet  in  height  have  been 
laid  at  the  Little  Bear  Valley  reservoir.  The  dam  is  to  be  of  concrete, 
but  the  plans  are  not  available  at  present. 

The  following  table  shows  the  capacity  with  varying  heights  of  dams. 
A  total  ultimate  storage  of  16,000  six-month  inches  is  available.  These 
capacities  are  taken  from  a  map  on  a  scale  of  2,000  feet  to  the  inch  and 
are  given  only  as  ai)proximate. 

Capacity,  etc.,  of  Little  Bear  Valley,  Huston  Flat,  and  Grass  Valley  reservoirs  at  varying 

heights  of  dam. 


[50  miner's  inches  are  equal  to  1  second-foot,  or  724  acre-feet  per  year.    1  six-month  miner's  inch  is 

equal  to  7.24  acre-feet.] 

LITTLE  BEAR  VALLEY  RESERVOIR. 


"Drainage  system. 

Drainage 
area. 

Elevation 

above 
sea  level. 

Height  of 
dam. 

Area. 

Capacity. 

Deep  Creek  

Holcomb  Valley  

Sq.  miles. 

6.  60 
14.51 
30.  49 
25.  43 

Feet. 
5,  012 
5, 062 
5,109 
5,  122 

Feet. 
50 
100 
147 
160 

Acres. 
183.6 
449.0 
800.0 
884.0 

Acre-feet. 
5,  746 
21, 561 
50,  912 
a  61,  855 

HUSTON  FLAT  RESERVOIR. 

Other  tributaries  

2.  72 
3. 84 

4,470 
4,  500 
4,  550 
4,  600 
4,  625 

20 
50 
100 
150 
175 

8.0 

55.8 
157.1 
283.2 
329.5 

60 
947 
6, 150 
17, 138 
&24,  753 

GRASS  VALLEY  RESERVOIR. 

2.  72 

c5,  065 
c5, 115 
c5,  200 

40 
90 
175 

66.3 
158.0 
386.5 

1,  320 
6,  925 
<i30,  062 

a  8,540  six-month  miner's  inches.                  h  3,420  six-month  miner's  inches. 

c  Approximate.  d  4,150  six-month  miner's  inches. 
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It  lias  been  estimated  in  the  discussion  of  run -off  from  these  basins 
that  the  probable  mean  is  6,600  six-month  miner's  inches  (132  second- 
feet).  However,  it  is  not  possible  to  catch  all  of  this  run-off,  as  a  con- 
siderable portion  of  it  will  doubtless  be  in  the  nature  of  high  floods  that 
can  not  be  conveyed  in  any  ordinary  or  practicable  conduit.  The  pro- 
portion that  would  be  lost  would  require  a  careful  study  of  the  stream 
record  and  the  cost  of  various-sized  conduits. 

If  5,000  six-month  miner's  inches  (100  second-feet)  is  sold,  the  storage 
should  be  for  8,000  six-month  miner's  inches  to  provide  for  years  of 
deficiency  and  for  evaporation.  This  could  all  be  stored  at  Little  Bear 
Valley  with  a  dam  160  feet  high. 

From  the  divide  near  Huston  Flat  it  is  proposed  to  drop  the  water, 
that  is  to  be  distributed  for  irrigation  to  the  valley  below.  A  head  for 
power  purposes  is  thus  available  of  fully  2,500  feet.  This  power  prob- 
ably could  be  used  only  in  the  summer,  during  irrigation.  With  a  head 
of  2,500  feet  and  a  volume  of  100  second-feet  over  20,000  horsepower 
could  be  developed. 

Considered  as  a  whole,  the  enterprise  is  ingenious  and  bold.  It  will 
be  a  costly  plant,  undoubtedly,  but  reservoired  water  is  necessarily 
more  expensive  than  water  obtained  by  the  simple  diversion  of  a  living 
stream.  If  properly  planned,  however,  it  is  the  most  reliable  source  of 
supply  for  irrigation  obtainable,  and  if  substantially  constructed,  as  is 
proposed  in  the  system  herein  treated,  is  the  safest  and  most  satisfac- 
tory in  the  end.  It  may  be  said  that  the  productions  of  the  tributary 
land,  planted  to  citrus  fruits,  are  of  the  highest  order,  and  are  entitled 
to  the  most  enduring  and  reliable  water  supply. 

There  is  no  question  but  that  demand  will  ultimately  spring  up  for  all 
the  water  that  the  company  can  deliver.  The  lands  commanded  are 
the  choicest  in  the  State.  They  extend  from  Highlands  toward  Los 
Angeles,  along  the  foot  of  the  Sierra  Madre  range  of  mountains.  There 
is  no  other  system  adequate  for  their  irrigation. 

The  possibility  of  turning  the  head  waters  of  Mohave  Eiver  into 
San  Bernardino  Valley  has  been  known  for  many  years.  Mr.  Fred  T, 
Perris,  chief  engineer  of  the  Southern  California  Railway,  at  one  time 
ran  a  line  from  Little  Bear  Valley  through  to  San  Bernardino  Valley 
to  determine  the  length  of  tunnel  required  for  that  diversion.  This 
was  done  for  the  California  State  engineers.  The  reservoirs  were  at 
one  time  surveyed  by  the  State  engineers. 

The  i)resent  Arrowhead  Reservoir  Company  is  composed  of  a  number 
of  Cincinnati  gentlemen.  In  1890-91  these  gentlemen  investigated  the 
project  from  both  a  business  and  an  engineering  standpoint  and  deter- 
mined upon  a  stndy  of  the  system  and  its  gradual  construction,  which 
has  since  been  continued,  except  for  a  short  interruption  in  1892.  Mr. 
Adolph  Wood  is  the  general  manager  of  this  companj^  He  resides  in 
San  Bernardino  and  has  his  office  there.  Mr.  Fred  T.  Ferris  is  now 
chief  engineer,  and  Mr.  H.  B.  Hedges  is  engineer  in  charge  of  the  work. 
Mr.  J.  D.  Schuyler,  of  Los  Angeles,  is  consulting  engineer. 
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SOUTHERN  CALIFORNIA  IMPROVEMENT  COMPANY. 

The  floods  that  come  down  Mohave  Eiver  from  the  mountains  flow 
as  far  out  in  the  plains  as  their  sandy  beds  permit.  In  addition  to 
these  waters  are  those  supplied  to  the  streams  i)erennially  and  which 
normally  sink  at  the  foothills.  These  i)ercolate  down  the  channel, 
probably  at  the  rate  of  from  5  to  20  miles  a  year,  depending  on  the 
slope  and  character  of  the  voids  in  the  stream  beds.  It  is  the  water  in 
these  voids  of  the  sand  and  that  which  percolates  in  the  stream  bed 
that  the  Southern  California  Company  endeavors  to  obtain.^ 

The  determining  factor  in  the  selection  of  the  point  for  the  construc- 
tion of  the  diversion  works  of  the  Southern  California  Improvement 
Company  was  that  the  bed  rock,  or  an  impervious  stratum,  was  found 
nearer  the  surface  here  than  at  any  other  place  on  the  lower  portion  of 
the  river,  and,  although  the  river  channel  is  broad  and  the  valley 
extends  in  an  unrestrained  way  to  the  south  from  the  surface  channel, 
all  things  being  considered,  this  was  chosen  as  the  most  feasible  place 
to  put  in  the  works  of  development. 

The  rock  of  the  locality  is  favorable  to  the  work.  It  is  known  as  a 
porphyry  and  is  found  in  every  color.  It  disintegrates  rapidly  on 
exposure  to  the  atmosphere  and  forms  clay  on  the  surface.  The  exposed 
rock  in  the  hills  is  said  to  be  thus  melting  away  iuto  clays,  which  are 
very  soft  on  top  and  harder  as  the  rock  is  i^enetrated.  A  foot  from  the 
surface  the  rock  is  usually  quite  solid.  As  this  condition  obtains  on  the 
sidehills  next  to  the  river,  it  is  assumed  that  the  clays  that  are  found 
in  much  the  same  condition  beneath  the  sauds  of  the  river  bed  are  of 
like  nature  and  gradually  merge  into  crystalline  rock,  making  an  ideal 
condition  for  the  stopping  of  the  underflow  of  the  river  with  sheet 
piles,  which  are  here  used.  The  piles  are  said  to  be  driven  from  IJ  to 
5  feet  into  this  clay,  the  latter  being  covered  with  a  varying  depth 
of  river  sand. 

The  method  of  procedure  in  the  construction  of  the  work  was  to 
start  a  canal  on  a  light  grade  far  enough  down  in  the  valley  to  permit 
the  water  that  was  developed  to  flow  awaj^  from  the  works  as  it  was 
encountered.  At  the  point  where  the  canal  enters  the  river  bed,  shown 
in  PI.  LXX,  Jl,  the  couduit  is  changed  into  a  carrying  flume.  This  is 
shown  in  the  line  A  B  on  the  plan,  fig.  207.  This  flume  is  5J  feet  in 
the  clear;  the  top,  sides,  and  bottom  are  made  tight  to  prevent  any 
escape  of  the  water  which  has  been  gathered  above.  In  other  respects 
it  is  constructed  the  same  as  the  gathering  flume  described  below. 
This  carrying  flume  passes  through  the  sheet  piling  and  into  what  is 
called  the  ''well."  This  is  a  junction  bay  into  which  it  is  the  intention 
to  have  all  the  gathering  flumes  empty.  -The  well  is  10  by  6.J  by  6J 
feet,  and  is  made  of  0  by  8  inch  timbers  laid  flat  and  bolted  together. 


•  The  writer  investigated  as  many  of  the  conditions  in  connection  with  this  work  as  was  practica- 
ble, hut  much  of  it  is  of  such  a  nature  that  this  could  not  he  done. 
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The  bottom  is  drifted  into  piling,  which  is  driven  into  the  bed  of  the 
river  for  the  purpose  of  forming  a  foundation  or  anchor  for  the  bay. 
The  top  is  made  of  the  same  material,  and  two  large  trapdoors  open 
from  above.  These  doors  may  be  fastened  down  solidly  to  the  rest  of 
the  frame.  The  top  of  the  well  is  on  a  level  with  the  top  of  the  sheet 
piling  and  5  feet  below  the  bottom  of  the  river  bed.  The  trapdoor  on 
the  top  of  the  well  opens  into  a  temporary  shaft  that  extends  above 
the  surface  of  the  ground  and  permits  entrance  into  the  flumes.  This 
shaft  is  made  of  2-inch  plank  and  is  set  on  the  main  well,  but  is  not 
fastened,  so  that  in  case  of  floods  the  shaft  will  be  rolled  away,  and,  the 


Fig.  207. — Plan  of  submerged  dam  on  Mohave  River,  near  Daggett,  California.    (Copied  by  permission 

from  Engineering  News.) 


doors  of  tho  well  being  closed,  the  water  of  the  flood  will  pass  over 
without  encountering  any  obstruction. 

The  well  being  finished,  the  channel  of  the  river  was  next  opened 
along  the  line  B  0  (fig.  207)  with  scrapers  to  a  depth  of  about  10  feet, 
the  water  develoi^ed  being  permitted  to  pass  out  through  the  carrying 
flumCo  This  scraper  work  having  been  excavated  down  into  the  water- 
bearing gravels,  the  gates  of  the  well  were  closed  and  the  open  channel 
allowed  to  fill  with  water.  The  dredger  then  floated  into  place  and 
the  excavation  continued  to  the  desired  depth.  It  was  then  floated 
away  and  beached,  as  shown  in  PI.  LXX^      and  the  gates  of  the  well 


S.  GEOLOGICAL  SURVEY 


NINETEENTH  ANNUAL  REPORT      PART  IV  PL. 


MOHAVE  RIVER  DEVELOPMENT  WORKS  AT  DAGGETT,  CALIFORNIA. 
A    Outlet:   /?,  Dredeer  anH  pxravation  for  gathering  flume 
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were  opened,  wLicli  by  the  drawing  off  of  the  water  permits  the  laying 
of  the  iiume.  This  same  order  was  followed  in  the  laying  of  the  carry- 
ing flume. 

The  gathering  flume  is  first  constructed  and  placed,  and  then  the 
sheet  piling  driven  down  below  the  flume  (downstream),  as  shown  in 
fig.  207. 

It  is  the  intention  to  drive  a  row  of  piling  on  the  line  0  B  D,  fig.  207. 
These  sheet  piles  are  of  ordinary  type,  being  3-inch  Oregon  pine  plank, 
12  inches  wide,  firmly  bolted  together,  the  lower  end  being  sharpened 
to  an  edge.  The  lap  of  the  plank  is  3  inches,  which  permits  the  head 
being  rounded  to  a  diameter  of  9  inches.  These  piles  are  driven  with 
a  2,200-pound  hammer  through  the  sand  and  gravel  into  the  clay,  which 
is  said  to  cover  the  top  of  the  crystalline  bed  rock. 

Up  to  May  1,  1890,  the  piling  had  been  driven  only  for  about  600 
feet  south  from  the  junction  bay  or  well  at  the  center  of  the  channel, 
as  shown  in  the  line  B  O,  fig.  207.  They  are  sawed  oft'  at  a  depth  of  5 
feet  below  the  bed  of  the  stream  and  below  the  level  where  the  sand 
has  become  stratified.  All  of  the  flumes  and  piling  are  to  be  covered 
with  sand  as  finished.  By  this  method  it  is  the  intention  to  offer 
absolutely  no  resistance  to  the  stream  when  in  flood,  and  in  that  par- 
ticular the  plan  is  most  wise,  for  it  has  been  found  that  in  placing  the 
slightest  obstruction  in  a  torrential  stream  bed  the  obstruction  will  be 
subjected  to  the  most  violent  attack  from  both  water  and  bowlders. 
An  excavation  being  made  beneath,  the  obstruction  will  thus  be  under- 
mined and  knocked  over.  < 

The  gathering  flume  is  built  from  the  well  700  feet  south.  It  is  made 
of  3  by  12  inch  Oregon  pine  plank,  except  on  top,  where  they  are  4 
instead  of  3  inches  thick,  to  supi^ort  the  weight  of  the  gravel  above. 
It  is  built  square,  5J  feet  in  the  clear,  and  in  the  manner  in  which  tim- 
bers are  framed  for  shafting,  each  being  mortised  into  the  other,  and 
all  being  framed  around  6  by  6  inch  longitudinal  timbers,  which  are  set 
in  the  corners  inside.  A  much  more  convenient  form  of  flume  for  work- 
ing purposes  after  construction,  requiring  no  more  material,  would  have 
been  6^  by  4^  feet. 

The  bottom  of  the  flume  is  first  made  upside  down,  the  plank  being 
nailed  on  the  longitudinal  piece,  then  floated  into  place  and  turned 
over.  The  sides  and  top  are  then  built  onto  it.  Openings  of  five- 
eighths  inch  width  are  left  in  the  sides  and  of  IJ  inches  in  the  bottom 
of  the  flume  to  admit  the  water.  Four  4  by  8  inch  sills  were  iflaced  in 
the  bottom  of  the  cut  for  the  flume  to  rest  on.  They  were  rammed 
well  into  the  gravel  and  laid  longitudinally. 

Numerous  water-development  tunnels  have  been  built  in  southern 
California  in  water-bearing  sands  and  gravels,  and  have  been  lined  by 
placing  lagging  on  the  top  and  sides  on  the  caps  and  posts.  These 
posts  rest  on  longitudinal  sills,  but  frequently  have  no  floors.  These 
tunnels  have  been  successful  in  obtaining  water,  but  they  probably  lose 
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water  by  percolation  where  the  grade  gets  above  the  water  plane.  In 
this  case,  where  the  sheet  piling  brings  the  water  plane  constantly 
above  the  flume  grade,  it  would  seem  that  the  bottom  of  the  gathering 
flume  might  have  been  dispensed  with.  As  it  is,  one- tenth  of  the  bot- 
tom is  left  open,  and  eflbrts  have  been  made  to  keep  these  openings 
clear.  The  intention  of  the  design  was  to  prevent  sand  entering  the 
flume  too  freely  and  interfering  with  the  flow  in  other  parts.  The  action 
of  fine  sand  in  the  present  case  is  to  work  into  the  openings  in  small 
quantities. 

It  has  been  found  that  driving  the  piling,  after  the  flume  was  in 
place  and  only  2  feet  from  it,  has  been  the  cause  of  jamming  the  flume 
out  of  line  and  driving  the  gravel  tightly  into  the  openings.  In  the 
remaining  portions  of  the  channel  the  piling  will  be  driven  as  much  as 
25  feet  from  the  flume  to  avoid  this  undesirable  result.  The  flumes 
are  j^rotected  with  gates,  so  that  they  may  be  kept  full  of  water  to  pre- 
vent rot. 

The  work  of  driving  the  sheet  piling  across  the  river  was  less  than 
half  finished  on  May  1,  1896,  the  portion  B  D  (fig.  207)  not  being 
completed.  It  is  fair  to  presume  that,  when  the  channel  is  entirely 
closed  to  bed  rock  on  either  side  of  the  river,  a  greater  amount  of  water 
will  be  obtained  than  a  direct  proportion  of  the  present  amount  of  water 
flowing  to  the  portion  of  the  river  bed  than  is  now  shut  off.  At  the 
present  time  there  is  api^roximately  7  second-feet  of  water  flowing  from 
the  carrying  flume.  In  1898  the  works  have  not  been  finished  and  the 
company  is  bankrupt. 

It  is  proposed  to  use  this  water  on  Minneola  Valley,  which  is  a  desert 
at  present,  but  with  the  aid  of  water  very  favorable  agricultural  results 
may  be  obtained.  For  the  purpose  of  irrigation  a  charge  of  $22.50  per 
acre  for  the  water  right  is  made  and  an  annual  rental  of  $1.50.  The 
^  duty  of  1  second-foot  to  250  acres  is  made.  This  is  at  the  rate  of  $5,625 
per  second-foot  for  the  water  right  and  $375  annual  income  from  rentals. 

There  are  a  large  number  of  mines  in  the  neighborhood,  borax,  iron, 
copper,  silver,  and  gold  being  found  near.  These  mines  are  paying 
$11.50  a  ton  for  coal.  A  drop  of  100  feet  in  the  main  canal  has  been 
planned  for  the  purpose  of  developing  x)ower,  which  will  be  offered 
to  the  mines  and  used  for  general  purposes.  Mr.  W.  E.  Robinson  is 
general  manager  and  vice-president  of  the  Southern  California  Improve- 
ment Company.  He  designed  these  works  and  superintended  their 
construction.  The  work  has  been  well  done,  but  the  amount  of  water 
obtained  is  a  great  disappointment  to  the  company. 
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THE  ROOK  WATERS  OF  OHIO. 


By  Edward  Orton. 


mTRODUCTIOlS^. 

In  the  present  report  tlie  rock  waters  of  Ohio  that  are  derived  from 
a  considerable  depth  as  compared  with  ordinary  wells,  and  also  the 
flowing  wells  or  fountains,  that  are  to  be  found  in  certain  districts  of 
the  State,  are  to  be  considered.  Of  the  latter,  only  those  flowing  wells 
that  have  a  considerable  head  or  pressure  and  those  that  occur  through- 
out districts  embracing  at  least  a  few  square  miles  of  territory  will  be 
discussed.  The  number  of  wells  whose  waters  rise  to  the  surface  or 
overflow  feebly  is  large  and  there  are  many  isolated  examples  of  wells 
flowing  with  a  considerable  head,  but  the  work  of  the  Survey  has  not 
been  conducted  on  a  scale  that  will  allow  such  cases  to  be  treated  here. 
The  wells  of  the  latter  group  are  all  drift  wells  and  occur  only  where 
the  drift  deposits  are  found  in  thick  sections,  generally  of  100  to  300 
feet.  The  entire  series  of  flowing  wells  as  above  characterized  and 
restricted  is  confined  to  northwestern  and  western  Ohio,  principally  to 
the  counties  of  Williams,  Fulton,  Henry,  Defiance,  Yan  Wert,  Mercer, 
and  Auglaize. 

Our  knowledge  of  the  rock  waters  of  Ohio  as  above  limited  has  been 
almost  wholly  derived  from  wells  drilled  in  the  search  for  oil  and  gas, 
a  search  which  has  been  prosecuted  for  the  last  few  years  with  great 
zeal  and  energy  through  all  sections  of  the  State,  and  particularly  in 
northwestern  Ohio.  There  is  not  a  county  in  the  State  in  which  one 
or  more  wells  have  not  been  sunk  in  this  interest  during  the  last  fifteen 
years,  and  in  many  counties  such  wells  have  been  drilled  by  the  score 
and  the  hundred. 

Our  knowledge  of  the  water  supply  of  the  rocks  penetrated  by  the 
drill  is  fragmentary  and  incomplete,  despite  the  excellent  opportunities 
to  acquire  it,  for  the  reason  that  water  was  not  included  in  the 'search 
that  was  in  progress.  Generally  it  was  a  hindrance  and  obstruction  to 
the  explorations  that  were  being  carried  forward,  and  in  most  cases  all 
that  we  learn  is  by  incidental  reference.  In  a  number  of  cases,  how- 
ever, the  supplies  discovered  in  the  rock  series  have  since  been  utilized, 
sometimes  in  a  large  way,  and  many  wells  have  since  been  drilled,  the 
sole  object  of  which  was  to  obtain  the  water  whose  existence  had  been 
accidentally  demonstrated. 
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In  order  to  understand  and  appreciate  the  facts  presented,  it  is  neces- 
sary to  have  a  clear  idea  of  the  geological  series  of  Ohio  and  of  its 
distribution  throughout  the  limits  of  the  State. 

GEOLOGICAX.  COXiUMX  OF  OHIO. 

The  geological  series  of  the  State  consists  of  limestones,  shales,  sand- 
stones, and  conglomerates.  The  several  elements  are  associated  in  the 
order  indicated  below : 


Period.  Formation. 

PLEISTOCENE  21.  Mainly  glacial  drift  

20.  Upper  Barren  Measures. 


Thickness  in 
feet. 


0- 


CoAL  Measures 


CARBONIFEROUS.  -< 


conglom  e  rate  c  o  a  l  ] 
Measures. 

Lower  Carboniferous 
( Waverly  group)  . 


19.  Upper  Productive  Measures  

18.  Lower  Barren  Measures  

17.  Lower  Productive  Measures  

16.  Homewood  sandstone  

15.  Massillon  conglomerate  

14.  Sharon  conglomerate  

13.  Logan  group   0- 

12.  Cuyahoga  shale   150- 

Berea  shale  and  grit   25- 

Bedford  shale  and  sandstone   50- 


do 


550 
500  ± 
200  ± 
500  ± 
250  ± 

250  ± 

300 
450 
150 
150 


DEVON 


j^-j^  r  9.  Ohio  shale,  Great  Black  shale   250-2,  500  + 

8.  Corniferous  limestone   25-  100 


SILURIAN 


Upper  Silurian 


Lower  Silurian  (Or- 
dovician) . 


8.  Corniferous  limestone   25-  100 

7.  Onondaga  limestone   20-  600 

6.  Niagara  shale  and  limestone   150-  350 

5.  Clinton  limestones   20-  150 

4.  Medina  shale   25-  150 

3.  Hudson  River  shales  and  limestones. .  300-  800 

2.  Utica  shale   0-  300 

1.  Trenton  limestone   300-  600 


Each  of  these  subdivisions  will  be  briefly  characterized  with  refer- 
ence to  the  inquiry  before  us.  Before  entering  on  this  review,  the 
reader  is  reminded  that  the  water-bearing  strata  of  this  series  are  (1) 
sandstones  and  conglomerates,  the  purer  and  coarser  the  better;  (2) 
dolomitic  limestone,  when  made  porous  by  replacement;  (3)  soluble 
limestones,  whether  true  or  dolomitic,  in  which  joints  have  been 
widened  or  channels  have  been  dissolved  under  past  or  present  condi- 
tions of  drainage. 

The  strata  of  the  Ohio  section  which  are  not  water-bearing  are  (1) 
shales,  the  finer  grained  the  less  productive;  (2)  impure  sandstones  in 
which  shalyi^ar tides  fill  the  spaces  between  the  sand  grains  to  a  greater 
or  less  extent,  sandstones  in  which  the  cementing  matter  is  carbonate 
of  lime  also  belonging  in  this  list;  (3)  limestones  when  lying  below  natu- 
ral drainage  and  dolomites  in  the  same  situation  which  have  not  resulted 
from  the  replacement  of  carbonate  of  lime  by  carbonate  of  magnesia. 

The  porous  rocks  of  this  series  are  more  easily  recognized  from  the 
fact  that  they  are  from  time  to  time  occupied  by  petroleum  or  natural 
gas,  for  the  reservoirs  of  these  substances  are  in  all  cases  water-bearing 
rocks. 

With  these  facts  in  mind  a  brief  review  of  the  scale  of  the  State  will 
be  made  at  this  point.  The  several  strata  will  be  considered  in  ascend- 
ing order. 
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TRENTON  LIMESTONE. 


Whether  the  Trenton  limestone  has  any  outcrop  in  Ohio  is  a  disputed 
question.  The  late  S.  A.  Miller,  of  Cincinnati,  in  a  paper  read  before 
the  Cincinnati  Society  of  Natural  History,  first  advanced  the  claim 
that  the  Point  Pleasant  quarries  of  the  Ohio  Valley  belong  to  this 
horizon.  The  late  W.  M.  Linney,  of  the  geological  survey  of  Ken- 
tucky, in  a  paper  published  in  1882,  also  held  that  the  same  mass  of 
limestone  belongs  to  the  horizon  above  indicated.  He  based  his  belief 
on  a  series  of  closely  connected  sections  which  he  had  followed  from 
undisputed  outcrops  of  the  Trenton  in  central  Kentucky  to  this  point. 
On  the  other  hand,  the  late  Joseph  F.  James,  in  a  paper  that  appeared 
a  few  years  ago,  held,  on  paleontological  grounds,  that  the  Point  Pleas- 
ant quarry  rocks  are  indistinguishable  from  the  Hudson  River  rocks  of 
the  Cincinnati  section.  Following  the  series  southward  by  the  records 
of  the  drill  from  the  Findlay  gas  and  oil  field,  I  concluded  that  the 
limestone  of  Point  Pleasant  could  best  be  referred  to  the  Trenton 
horizon.    This  opinion  I  still  hold. 

But  however  the  facts  in  regard  to  the  strata  outcropping  in  the 
Ohio  Valley  are  construed,  there  is  no  room  for  doubt  that  the  Trenton 
limestone  underlies  in  characteristic  and  unmistakable  form,  at  a  depth 
of  from  1,000  to  2,000  feet,  all  of  the  northwestern  quarter  of  the  State, 
and  also  that  it  occurs  at  a  still  shallower  depth  in  southwestern  Ohio. 
In  fact,  every  consideration  makes  it  probable  that  the  Trenton  lime- 
stone is  the  universal  floor  of  the  entire  State  j  though  its  presence  has 
thus  far  been  proved  at  but  comparatively  few  points  in  the  eastern 
half,  yet  in  every  well  drilled  deep  enough  to  reach  its  horizon  the  for- 
mation never  fails  to  reveal  itself  with  unmistakable  distinctness. 

The  Trenton  limestone  of  southwestern  Ohio  and  of  the  Kentucky 
outcrops  is  a  gray  or  light-blue  limestone,  occurring  in  somewhat  heavy 
and  fairly  even-bedded  courses.  In  composition  it  is,  as  a  general 
rule,  an  impure  limestone.  This  fact  is  well  shown  in  the  Point 
Pleasant  limestones,  which,  whether  or  not  they  belong  to  the  Kentucky 
Trenton,  agree  closely  with  the  latter  in  both  physical  and  chemical 
characteristics.  Analysis  of  the  Point  Pleasant  beds  shows  the  follow- 
ing results :  ^ 


Analysis  of  Point  Pleasant  limestone. 


Constituent. 


Per  cent. 


Carbonate  of  lime  

Carbonate  of  magnesia 
Siliceous  matter  


79.  30 


12. 00 


0.  91 


Alumina  and  iron 


7.  00 


1  Geol.  Survey  Obio,  Vol,  1, 1873,  p.  374. 


4 


640 


THE  ROCK  WATERS  OF  OHIO. 


Most  of  the  Trenton  limestone  of  Ohio  is  of  substantially  this  compo- 
sition. It  is  scarcely  necessary  to  say  that  a  rock  like  this,  especially 
when  below  drainage,  is  never  in  any  sense  a  porous  rock,  and  conse- 
quently can  not  be  a  reservoir  of  water,  oil,  or  gas. 

There  is,  however,  a  phase  of  the  Trenton  limestone,  as  revealed  in 
the  underground  geology  of  northwestern  Ohio  and  in  adjacent  por- 
tions of  Indiana,  which  is  porous  to  a  high  degree  and  which  has 
become  on  this  account  within  the  last  few  years  one  of  the  most 
famous  strata  of  the  country.  In  the  districts  named  it  is  a  prolific 
source  of  oil  and  gas.  The  same  phase  finds  an  outcrop  in  the  Galena 
limestone  of  Illinois  and  Wisconsin  and  in  the  Upper  Division  of  the 
Trenton  limestone  of  northern  Michigan.  I  refer  this  phase  to  the 
second  division  of  porous  rocks,  as  described  on  a  preceding  page — 
that  in  which  a  dolomite  has  resulted  from  a  replacement  of  one-half 
of  the  carbonate  of  lime  by  carbonate  of  magnesia.  That  such  replace- 
ment has  taken  place  seems  certain  from  the  following  facts,  viz:  There 
are  isolated  areas  of  true  carbonate  of  lime  included  in  the  dolomitic 
areas.  Even  in  Findlay,  which  is  a  great  center  of  Trenton  dolomite, 
the  limestone  found  in  a  single  well  proved  to  be  true  limestone  instead 
of  dolomite.  This  well  was  essentially  unproductive.  Again,  in  frag- 
ments brought  up  by  the  sand  pump  a  crinoidal  limestone  is  often 
represented.  Such  a  limestone  was  originally  a  true  calcareous  rock^ 
and  the  change  to  its  present  dolomitic  condition  is  the  result  of  chem- 
ical action  subsequent  to  its  formation.  By  this  change  its  porosity 
can  be  well  explained.  The  atom  of  magnesian  carbonate  occupies 
less  space  than  the  corresponding  atom  of  calcium  carbonate  which  it 
displaces,  while  the  entire  volume  of  the' rock  is  supposed  to  remain 
unchanged.  Dr.  T.  Sterry  Hunt  estimated  that  the  porosity  of  Cana- 
dian dolomite  ranges  from  10  to  13  per  cent.  Prof.  J.  D.  Dana  has  cal- 
culated the  porosity  of  Ohio  dolomite,  and  makes  it  from  an  eighth  to 
a  tenth  of  the  volume  of  the  rock.^  Dr.  George  P.  Merrill  makes  the 
porosity  of  a  pure  dolomite,  on  this  theory  of  origin,  to  be  12J  per 
cent.^ 

It  is  only  the  uppermost  beds  of  the  Trenton  limestone  in  Ohio  that 
have  suffered  these  transformations.  Sometimes  the  change  is  con- 
fined to  a  very  few  feet ;  rarely  it  extends  as  far  as  100  feet  below  the 
surface.  The  oil-well  driller  readily  distinguishes  the  dolomitic  beds 
by  the  appearance  of  the  drillings.  The  dolomite  constitutes  what 
he  calls  the  "oil  sand"  or  "gas  sand,"  as  the  case  may  be.  This  por- 
ous section  of  the  Trenton  limestone  is  not  only  a  reservoir  of  oil  or 
gas,  but  is  equally  available  as  a  reservoir  of  water.  A  strong  brine 
generally  occupies  it  where  gas  or  oil  is  wanting.  A  peculiarity  of  this 
brine  is  that  the  chlorides  of  calcium  and  magnesium  frequently  exceed 
m  amount  the  chloride  of  sodium. 

It  is  necessary  to  keep  in  mind  what  has  already  been  stated,  viz, 


'  Personal  letter  to  the  author. 


2  Eocks,  Rock  Weathering,  and  Soils,  p.  160. 
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that  the  porous  phase  last  described  is  local  and  limited  in  development, 
and  that  the  great  mass  of  the  formation  is  essentially  an  impervious 
rock. 

Though  the  Trenton  limestone  is  the  lowest  stratum  that  has  an  out- 
crop in  the  State,  we  get  in  southwestern  Ohio  frequent  evidences  that 
a  porous  rock  underlies  it  at  a  depth  of  400  to  600  feet  below  its  upper- 
most beds.  In  wells  drilled  to  this  level  flows  of  a  brine  rank  with 
sulphureted  hydrogen  rise  to  the  surface.  This  brine  is  commonly 
known  as  "  Blue  Lick "  water.  The  stratum  which  bears  it  can  be 
called  either  an  impure  limestone  or  a  calcareous  sandstone.  It  is  gen- 
erally referred  to  the  St,  Peter's  sandstone  of  the  Oalciferous  horizon. 
Sometimes  it  has  happened  that  many  weak  flows  of  brine  have  been 
found  as  the  drill  descended  to  unusual  depths.  This  experience  was 
especially  marked  in  Springfield  and  Dayton,  where  the  drill  was 
carried  to  a  depth  of  1,200  to  1,600  feet  below  the  top  of  the  Trenton 
limestone. 

UTICA  SHALE. 

The  Utica  shale  is  found  in  unequivocal  and  unmistakable  charac- 
teristics in  the  deep  wells  of  northwestern  Ohio.  It  has  the  normal 
or  typical  features  of  the  formation  in  New  York  in  every  respect,  as 
color,  grain,  thickness,  and  even  fossils.  A  few  fragments  of  the  shale 
brought  up  in  the  sand  pump  from  the  wells  of  Findlay,  Bowling  Green, 
and  other  localities  have  yielded  at  least  two  of  the  most  characteristic 
fossils  of  the  formation,  viz,  Triarthrus  becM  and  Leptobolus  lepis.  This 
stratum  can  be  traced  in  all  directions  from  Findlay,  where  the  original 
identification  was  made,  as  a  bed  of  dark  brown  or  black  shale,  250  to 
300  feet  in  thickness,  expanding  to  the  eastward  and  thinning  to  the 
westward  and  also  to  the  southward.  In  the  last-named  direction  it 
approaches  the  outcrop  of  the  stratum  in  southern  Ohio  and  northern 
Kentucky,  and  as  followed  southward  the  black  shale  is  found  grad- 
ually to  disappear,  being  replaced  by  blue  or  gray  limestone,  interstrat- 
ified,  to  some  extent,  with  shale  of  the  same  color  and  indistinguishable 
from  the  underlying  Trenton  of  the  Kentucky  scale.  The  limestone 
carries,  however,  some  of  the  distinguishing  fossils  of  the  Utica,  though 
not  restricted  to  these,  and  has  been  positively  identified  as  that  forma- 
tion on  this  ground  alone.  The  lowermost  50  to  100  feet  of  the  Cincin- 
nati section  have  been  thus  referred  by  some  geologists. 

The  Utica  shale,  as  its  name  would  warrant  us  in  expecting,  is,  in  the 
main,  an  impervious  stratum.  It  is  not,  however,  so  close  grained  as 
many  other  shale  formations,  and  pockets  of  gas  and  small  reservoirs 
of  salt  water  are  frequently  disclosed  in  it  by  the  passage  of  the  drill. 
19  GEOL,  PT  4  41 
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HUDSON  RIVER  FORMATION. 

The  Hudson  River  formation  in  Ohio,  both  under  cover  and  in  out- 
crop, is  a  series  of  interstratified  shales  and  Ihnestones.  Both  elements 
are  generally  gray  or  blue  in  color,  and  both  are  fossiliferous  to  a  high 
degree,  especially  in  the  outcrops  of  the  formation.  The  series  as 
shown  in  southwestern  Ohio  is  700  to  800  feet  thick,  and  the  average 
undergound  measure  is  not  very  far  removed  from  these  figures.  But 
<the  volume  of  the  stratum  increases  slowly  from  the  center  of  the  State 
eastward.  Like  the  Utica,  it  grows  thinner  westward  and  southward. 
The  shale  is  very  close  and  fine  grained,  and,  consequently,  it  IS,  as  a 
rule,  almost  entirely  impervious;  but  in  exceptional  instances  pockets 
of  gas,  sometimes  under  high  pressure,  are  found  in  it,  and  whenever 
such  occur  light  veins  of  salt  water  are  liable  to  be  met.  On  the 
whole,  it  is  under  cover  a  typical  representative  of  a  dry  or  nonporous 
rock.  In  outcrop  it  is  one  of  the  poorest  of  water  bearers.  Shallow 
wells  that  are  dug  in  it  sometimes  obtain  a  precarious  and  scanty  sup- 
ply of  water  highly  charged  with  lime  and  other  common  minerals,  the 
water  seeping  in  from  the  beds  that  are  traverse^  by  the  shaft,  but 
there  is  not  a  formation  of  equal  volume  in  the  Ohio  column  that  car- 
ries so  little  water  as  the  Hudson  River  group. 

MEDINA  SHALE. 

The  Medina  shale  is  found  next  in  ascending  order.  It  is  the  repre- 
sentative of  a  stratum  of  sandstone  and  shale  that  holds  a  very 
important  and  conspicuous  place  in  the  New  York  column.  The  sand- 
stone, which  is  by  far  the  more  important  element  in  this  series,  gives 
its  name  to  the  entire  formation,  which  is  accordingly  known  as  the 
Medina  sandstone.  This  stratum  is  made  especially  conspicuous  by 
its  color,  which  is  prevailingly  light  red,  though  many  beds  of  it  are 
gray  or  white.  The  softer  or  shaly  portions  of  the  series  are  also  red  in 
color.  The  thin  bed  of  red  shale  which  occurs  in  southwestern  Ohio, 
just  at  the  junction  of  the  lower  and  upper  Silurian  formations,  w^as 
many  years  ago  referred  with  some  hesitation  to  the  Medina  horizon, 
on  the  basis  of  its  position  and  color.^  This  reference  has  been  abun- 
dantly sustained  by  the  results  of  the  drill  during  the  last  fifteen  years. 
The  Medina  has  been  followed  in  consecutive  well  records  from  northern 
Ohio,  where  it  is  unmistakably  present  in  a  section  normal  as  to  thick- 
ness and  color,  to  southern  Ohio,  where  it  is  found  in  outcrop  at  the 
surface,  and  the  red  rock  of  the  deep  wells  of  Hancock  County,  for 
example,  and  that  of  the  outcrops  in  Warren  County  are  demonstrated 
to  be  one  and  the  same.  In  the  western  half  of  Ohio  this  formation  is 
almost  entirely  represented  by  shale,  but  in  the  eastern  half  sandstone 
courses,  generally  thin,  are  usually  found.  Sometimes  even  small  peb- 
bles occur  in  the  Medina,  both  at  the  north  and  the  south.  Whether 


iGeol.  Survey  Ohio,  Eeport  of  Progress,  1869,  p.  148. 
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the  white  sandstone,  wliich  is  tbe  gas  rock  of  the  Lancaster,  Thurston, 
and  Sugar  Grove  gas  fields,  belongs  to  the  Medina  horizon,  or  to  the 
Clinton,  to  which  the  gas  was  at  first  referred,  remains  at  present  an 
open  question.  At  any  rate,  the  gas  rock  has  not  proved  a  prolific 
source  of  water  at  any  point  thus  far.  In  ^^cw  York  and  Ontario,  how- 
ever, it  is  a  reservoir  of  gas  and  water  on  a  very  large  scale. 

CLINTON  GROUP. 

The  Clinton  series  is  one  of  the  most  distinctly  marked  elements  in 
the  geological  scale  of  the  country  at  large.  Its  outcrops  are  confined, 
so  far  as  Ohio  is  concerned,  to  the  southwestern  i^ortion  of  the  State; 
here  its  thickness  seldom  exceeds  40  feet,  and  sometimes  falls  to  less 
than  20.  Under  cover  in  central  Ohio,  to  the  eastward  it  seems  to 
thicken  to  00  or  even  to  80  feet  in  some  sections.  It  consists  of  lime- 
stones of  various  grades,  some  of  which  show  remarkable  purity.  It  is 
often  made  up  of  crinoidal  fragments  so  loosely  cemented  as  to  make 
in  outcrop  a  water-bearing  stratum.  It  graduates  into  calcareous 
shales  below  and  also  bears  at  its  ux)per  limit  a  peculiar  deposit  of  fine- 
grained clay,  bluish  white  in  color,  which  proves  impervious  to  perco- 
lating water.    This  layer  does  not  often  exceed  1  or  2  feet  in  thickness. 

The  Clinton  is  marked  by  high  colors,  owing  to  the  presence  of  iron 
in  it,  which  gives  rise  to  various  shades  of  red,  yellow,  and  blue.  A 
characteristic  iron  ore  also  occurs,  fragments  of  which  have  been 
brought  up  from  2,000  feet  or  more  in  drillings.  Aside  from  the  facts 
already  reported,  it  is  on  the  whole  an  impervious  stratum,  but  one  of 
the  finest  lines  of  springs  of  the  State  characterizes  the  peculiar  devel- 
opment above  referred  to.  The  water  sinks  through  the  crinoidal  frag- 
ments of  the  formation  until  it  reaches  the  underlying  Medina  shales, 
and  at  this  point,  which  is  the  boundary  between  the  Upper  and  Lower 
Silurian,  the  springs  in  question  occur  in  fine  development.  These 
facts  are  well  exhibited  in  Preble  County. 

NIAGARA  SERIES. 

The  Niagara  series,  which  comes  next  above  the  Clinton,  is  a  com- 
pound system  so  far  as  its  composition  is  concerned.  Its  lower  portion 
is  a  fairly  close  grained  shale,  while  its  uppermost  division  is  mainly  a 
dolomitic  limestone  of  the  type  already  described  as  due  to  replace- 
ment. The  shale  has  a  maximum  thickness  in  Ohio  of  100  feet,  which 
is  reached  only  on  the  southern  border  of  the  State.  The  limestone 
element  of  the  formation  shows  a  maximum  of  300  feet  in  thickness; 
this  is  also  reached  in  southern  Ohio.  The  shale  is  a  characteris- 
tically impervious  stratum.  The  limestone  is  water  bearing  in  some 
areas  and  in  certain  beds,  but  it  is  not  to  be  counted  water  bearing  on 
a  large  scale  like  a  homogeneous  sandstone  of  the  same  thickness  and 
extent. 

Tlie  Niagara  shale  includes  in  southwestern  Ohio  lenticular  beds  of 
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a  well-characterized  limestone  which  is  widely  used  and  widely  known 
as  Dayton  stone.  This  is  impervious  in  itself,  but  is  traversed  by 
joints  which  often  allow  a  fairly  free  descent  of  the  water  that  reaches 
the  surface  of  the  limestone.  The  composition  of  the  Dayton  limestone 
is  shown  by  the  following  figures : 


Analysis  of  Dayton  limestone. 

Constituent. 

Per  cent. 

Carbonate  of  lime  

92.  30 
1.10 
0.  53 
1.70 

Carbonate  of  magnesia  

Alumina  and  iron  

Siliceous  matter  

Like  the  Medina  shale  already  described,  the  Niagara  shale  attests 
its  impervious  character  by  turning  outward  much  of  the  water  that 
sinks  to  its  surface.  These  springs,  though  generally  lacking  in 
strength,  mark  the  horizon  with  great  distinctness. 

The  limestone  portion  of  the  Niagara  has  proved  a  generous  source 
of  stored  water  in  stations  where  it  lies  comparatively  near  the  surface 
and  has  been  exposed  to  atmospheric  agencies  in  its  pre-Glacial  history, 
by  which  its  seams  and  joints  have  been  opened  on  a  considerable 
scale.  In  such  cases  the  surface  water  descends  bodily  to  the  imper- 
vious bed  and  furnishes  in  many  instances  a  large  supply  of  water.  The 
latter  has  generally  been  clarified  in  its  descent,  but  little  or  nothing 
has  been  done  toward  its  purification.  Wells  drilled  into  this  stratum 
are  sometimes  found  to  be  charged  with  grosser  impurities  than  are  to 
be  found  in  almost  any  other  formation  in  our  column,  but  the  next 
element  above  it  in  like  situations  shares  the  same  characteristics. 
The  composition  of  the  best  phases  of  the  limestone  is  indicated  by  the 
following  analyses  : 

Analyses  of  Niagara  limestone. 


Constituent. 

1 

2 

3 

4 

5 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Carbonate  of  lime  

54.  25 

53.  77 

53.50 

53.  48 

55.  59 

Carbonate  of  magnesia  

43.23 

44.  76 

45.  79 

42.25 

43.76 

Alumina  and  iron  

1.80 

.39 

.39 

.40 

.42 

Siliceous  matter  

.40 

.59 

.31 

1.53 

.28 

1,  Hillsboro;  2,  Springfield;  3,  Woodville;  4,  Bowling  Green;  5,  Genoa. 


ONONDAGA  SERIES. 

The  Onondaga  system,  known  in  Ohio  reports  as  the  Water-lime,  and 
perhaps  including  also  beds  of  the  Lower  Helderberg  series,  is  by  far 
the  most  important  limestone  in  the  State  so  far  as  the  areas  occu- 
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pied  in  outcrop  are  concerned  and  the  thickness  which  it  maintains, 
particularly  in  the  northern  and  western  portions  of  its  area.  Its 
maximum  development  in  thickness  is  not  far  from  600  feet,  but  this 
measure  is  found  only  by  the  drill.  In  outcrop  exposures  it  rarely 
reaches  25  feet,  and  perhaps  never  exceeds  50  feet.  From  these  fine 
exposures  in  southern  Ohio  it  thickens  to  the  northward  and  eastward. 
In  Highland  County  an  included  section  shows  it  to  be  but  20  feet  in 
thickness,'  while  in  the  deep  well  drilled  at  Columbus  nearly  500  feet 
were  referred  to  it  on  the  satisfactory  evidence  of  the  drillings  and  the 
fragments  that  were  brought  to  the  surface.  By  far  the  most  impor- 
tant areas  of  this  stratum,  so  far  as  thickness  is  concerned,  are  covered 
with  the  deposits  of  the  drift,  which  themselves  are  often  very  heavy. 
In  comi)osition  the  stratum  can  best  be  described  as  dolomite.  For 
large  districts  the  exposed  portions  of  the  series  are  exceptionally  pure, 
constituting  an  almost  typical  double  carbonate  of  lime  and  magnesia. 
This  is  shown  in  the  following  analyses,  viz,  of  the  Greenfield  stone 
from  southern  Ohio  and  of  the  Genoa  stone  from  the  northern  section 
of  the  State: 

Analyses  of  limestones  of  Onondaga  series. 


Constituent. 

1.  Green- 
field. 

2.  Rocky 
liidge. 

Per  cent. 

Per  cent. 

Carbonate  of  lime..,.  

53.  67 

54. 10 

Carbouate  of  magnesi;i  

42.  42 

44.27 

Alumina  and  iron  

1.30 

0.  29 

Sihccous  matter  

2.  42 

0.  87 

In  other  districts,  and  notably  in  northwestern  Ohio,  while  still  dolo- 
mitic  in  general  character,  the  rock  is  rendered  to  some  extent  impure 
by  the  presence  of  iron  and  alumina,  which  are  so  blended  with  it  that 
its  character  is  gradually  changed.  This  type  is  most  characteristically 
shown  in  Allen  and  Hardin  counties.  It  is  worked  on  a  large  scale  in 
the  quarries  of  Lima  and  Dunkirk  for  rough  masonry  and  for  railroad 
ballast.  In  color  this  phase  is  dark  blue.  The  rock  is  very  tough  and 
stubborn.  It  bears  abundant  and  unmistakable  evidence  of  shallow- 
water  origin  in  the  shape  of  mud  cracks  which  cover  its  surface.  Ripple 
marks  are  not  often  found  on  it.  It  is  mainly  made  up  of  thin  beds, 
2  to  4  inches  in  thickness,  but  occasional  layers  G  to  8  inches  thick  are 
found.  Fossiliferous  beds  occur  here  in  better  development  than  in 
most  parts  of  its  extent. 

This  type  is  not  especially  soluble,  and  the  joints  consequently  have 
not  become  greatly  widened  in  the  course  of  its  history,  but  they 
have  sufficed  after  all  to  allow  the  surface  water  to  descend  with  a 

1  Geol.  Survey  Ohio,  Report  of  Progress,  1870,  p.  283. 
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considerable  measure  of  freedom,  and  the  Onondaga  series  will  be  found 
to  be  the  most  important  water-bearing  stratum  of  the  entire  column 
of  the  State. 

The  second  type  of  this  stratum  remains  to  be  named.  It  is  seen  at 
its  best  in  both  northern  and  southern  Ohio.  At  Greenfield  it  is 
remarkably  even  in  its  bedding,  the  courses  usually  ranging  from  4  to 
12  inches  in  thickness.  The  rock  is  a  nearly  pure  dolomite,  as  the 
analysis  already  given  shows,  the  principal  foreign  element  being  isilica. 
It  answers  equally  well  for  lime  production  and  for  building  purposes; 
and  is  also  used  in  a  large  way  for  curbings  and  crossings  in  city  streets. 
It  is  not  strong  enough  for  block  pavements,  though  sometimes  applied 
to  this  use.  Toward  the  north  its  bedding  becomes  uneven  and  its 
courses  thin  and  irregular.  In  this  condition,  while  often  retaining  its 
purit}^  of  composition,  its  main  use  is  in  supplying  a  fine  quality  of 
magnesian  lime,  as  can  be  seen  from  the  analyses  already  quoted. 

This  phase  of  the  limestone  is  very  soluble,  and  its  joint  planes  are 
often  open  fissures  which  allow  a  very  free  descent  of  surface  water. 

Caves  and  underground  channels  are  often  found  in  this  formation. 
They  are  far  more  frequent  than  in  any  other  limestones  of  the  State. 
Some  of  the  most  famous  springs  of  the  State  belong  to  the  Onondaga 
series,  as,  for  example,  Campbell's  spring,  in  Pike  County,  and  the 
Castalia  spring  of  Erie  County,  both  of  which  will  be  described  at 
length  on  succeeding  pages. 

DEVONIAN  LIMESTONE  (CORNIFEROUS). 

A  limestone  of  Devonian  age,  which  constitutes  an  important  element 
in  the  geological  column  of  the  State,  comes  next  in  review.  There 
are  two  fairly  distinct  divisions  of  this  series,  established  on  both 
paleontological  and  lithological  grounds,  known  as  the  Columbus  and 
Delaware  divisions,  but  in  an  account  of  the  relations  of  the  formation 
to  water  no  such  division  is  required.  The  upper  or  Delaware  portion  ^ 
of  the  series  is  distinctly  less  pure  in  composition,  but  no  part  of  this 
series  h*as  in  itself  any  storage  qualities.  Being  a  fairly  pure  limestone, 
its  joints  have  been  widened  by  solntion  where  exposed  to  the  atmos- 
phere so  as  to  allow  a  tolerably  free  descent  of  water  from  above,  which 
does  not,  as  a  rule,  descend  into  the  earth  to  any  considerable  depth. 
A  thin  bed  of  shale  or  clay  separates  in  many  instances  this  limestone 
sheet  from  the  stratum  next  below  it,  so  that  the  formation  now  under 
consideration  gives  rise  to  numerous  springs.  The  latter  make  many 
important  contributions  to  the  Scioto  River  in  its  course  through 
Franklin  County.  Some  of  the  springs  furnish  relatively  large  vol- 
umes of  water  and  exemplify  in  their  flow  the  general  character  of 
limestone  springs,  being  evidently  subterranean  streams  for  a  consid- 
erable distance  back  from  their  point  of  emergence.  The  famous 
Wyandot  spring,  that  enters  the  river  5  miles  above  Columbus,  well 
illustrates  this  mode  of  origin. 
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DEVONIAN  SHALE. 

The  Devoniau  shale,  a  considerable  aud  complex  series,  represents  a 
half  dozen  stratigraphical  elements,  more  or  less,  of  the  New  York  col- 
umn, but  in  its  Ohio  development  it  consists  essentially  of  fine-grained 
and  impervious  materials  from  top  to  bottom.  It  is  perhaps  the  poorest 
reservoir  of  water  that  the  State  affords.  Yet  even  in  this  great  mass 
of  shales  some  sandy  zones  occur  which  are  occasionally  found  charged 
with  gas,  oil,  or  salt  water.  It  is  also  to  be  noticed  that  where  impor- 
tant sections  of  the  shale  have  been  exposed  to  the  weathering  agencies 
of  the  atmosphere  for  a  long  time  a  certain  measure  of  permeability 
has  been  gained  by  them  through  the  superficial  enlargement  of  their 
joints  and  by  the  solution  of  some  of  their  constituent  minerals,  espe- 
cially by  the  decomposition  of  pyrites,  which  is  generally  abundant  in 
the  substance  of  the  shale. 

The  Devonian  shale  ranges  in  thickness  from  250  feet  on  its  western 
outcrop  to  at  least  2,500  feet  in  eastern  Ohio. 

The  water  that  is  supplied  in  exceptional  localities  by  the  shale  is  in 
all  instances  highly  mineralized,  carrying  sulphureted  hydrogen,  sul- 
phate of  alumina,  and  sulphate  of  iron,  as  well  as  other  compounds  of 
this  last-named  element.  The  i^resence  of  sulphureted  hydrogen  is,  in 
popular  judgment,  generally  sufficient  to  place  such  springs  in  the  list 
of  medicinal  waters,  and  many  of  them,  not  only  in  Ohio  but  in  other 
States  as  well,  have  acquired  reputation  in  this  respect. 

BEDFORD  SHALE  AND  SANDSTONE. 

The  Bedford  shale  and  sandstone  make  u^)  in  the  large  way  a  shale 
formation,  and  one  which  is  consequently  destitute  of  water,  but  the 
sandstone  which  constitutes  its  upper  member  in  some  T)arts  of  the 
State  may  possibly  serve  as  a  storage  bed  for  water  in  limited  quanti- 
ties.   No  cases  of  this  sort  have,  however,  been  noted. 

BEREA  SANDSTONE  AND  SHALE. 

The  Berea  sandstone  and  shale  form  one  of  the  most  important  of 
the  reservoir  rocks  of  our  entire  column,  but  for  reasons  that  can  easily 
be  recognized,  it  produces  fresh  or  potable  water  in  but  few  and  unim- 
portant instances.  It  is  essentially  a  drillers'  rock.  Salt  water,  oil,  and 
gas  are  likely  to  be  found  anywhere  in  it,  aud  its  bituminous  contents 
are  sometimes  extraordinarily  valuable.  It  is  the  most  important  of  the 
earlier  developed  oil  rocks  of  Ohio  and  commands  great  consideration 
also  in  West  Virginia  and  Pennsylvania.  It  is  a  gas  rock  in  some 
territory,  and  when  the  reader  is  reminded  that  it  constitutes  the 
famous  Murrysville  gas  sand  in  western  Pennsylvania,  he  will  see  that 
no  other  stratum  takes  higher  rank  in  this  line.  It  is  found  to  be 
an  oil  rock  as  soon  as  followed  under  cover.  At  Mecca,  Trumbull 
County,  it  has  proved  a  valuable  repository  of  oil,  and  here  its  only 
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cover  is  20  to  50  feet  of  bowlder  clay.  In  the  Grafton  oil  field  the 
Berea  grit  is  less  than  200  feet  below  the  surface,  and  yet  a  small  oil 
production  has  been  maintained  here  for  forty  years.  At  no  greater 
depth,  in  many  instances,  salt  water  is  found  in  this  formation;  but  it 
is  when  the  stratum  has  750  to  1,000  feet  of  cover  that  it  gives  the  best 
results  as  a  source  of  brine.  The  recent  discoveries  of  vast  beds  of 
rock  salt  in  various  parts  of  the  country  have  made  it  economically 
imjjossible  to  work  any  longer  these  deep  stocks  of  weak  brine,  such  as 
the  Berea  grit  and  other  formations  of  our  column  so  generally  contain. 

The  thickness  of  the  Berea  grit  ranges  from  5  to  100  feet,  and  it  is 
everywhere  directly  overlain  by  the  Berea  shale,  a  dark  or  black  shale, 
15  to  40  feet  in  thickness,  which  is  not  always  easily  separable  from  the 
next  higher  element  in  the  series,  namely,  the  Cuyahoga  shale.  The 
Berea  shale  is  a  close  grained  but  rather  soft  deposit  which  has  yielded 
easily  to  glacial  erosion,  and  is  therefore  to  a  considerable  extent  want- 
ing on  the  western  outcrop  of  the  grit,  but  its  place  is  in  such  cases 
generally  occupied  by  bowlder  clay,  which  is  as  im]oervious  as  the  natu- 
ral cover  would  be.  This  fact  accounts  for  the  sparing  occurrence  of 
fresh  water  springs  along  the  outcrops  of  the  Berea  sandstone,  to  which 
attention  was  called  on  a  previous  page. 

CUYAHOGA  SHALE. 

The  Cuyahoga  shale  is  at  the  best  but  an  indifi'erent  and  capricious 
water  bearer,  but  it  is  not  so  barren  of  water  as  the  great  Ohio  shale — 
^o.  9  of  the  table  on  p.  638.  Though  composed  principally  of  fine- 
grained mud  rock  it  also  includes  in  some  sections  considerable  bodies 
of  sandstone,  and  no  sections  can  be  found  of  200  feet  or  more  in  thick- 
ness that  are  altogether  destitute  of  these  sandy  elements.  Immersed 
as  these  sandstones  are  in  shale,  they  very  seldom  furnish  springs 
along  their  outcrops  or  supply  potable  water  to  the  drill.  Such  water 
as  they  contain  is  generally  saline. 

LOGAN  GROUP. 

The  Logan  group  is  less  definitely  bounded  and  characterized  than 
any  of  the  formations  that  have  so  far  been  i^assed  in  review.  In  dif- 
ferent sections  of  the  State  it  consists  of  different  elements,  or  at  least 
of  elements  whose  proportions  vary  greatly  in  different  sections. 
Shales,  sandstones,  and  conglomerates  enter  into  its  composition 
everywhere,  but  in  the  southeastern  quarter  of  Ohio  the  dominant 
feature  is  a  massive  conglomerate  that  is  found  at  its  best  in  outcrop 
in  Licking  and  Fairfield  counties.  It  is  in  this  element  that  the  chief 
interest  of  the  formation  as  a  water  bearer  lies.  Under  cover  this  con- 
glomerate, known  as  the  Big  Indian  sandstone  of  the  Ohio  Valley,  is  a 
famous  source  of  salt  water  and  occasionally  of  oil  and  gas.  Of  course 
it  is  only  when  comparatively  near  its  outcrop  that  it  is  found  as  a  reser- 
voir of  potable  water.    It  is  not  certainly  known  to  furnish  a  public 
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water  supply  to  any  town  in  the  State  at  tbe  present  time.  The  eon- 
glomerate  has  a  maximum  thickness  of  75  feet,  but  the  entire  formation 
measures  not  less  than  300  feet  in  its  full  development. 

CONGLOMERATE  COAL  MEASURES. 

The  Conglomerate  Coal  Measures  form  a  division  of  our  column 
which  is  well-nigh  as  important  in  its  relations  to  water  supply  as  it  is 
in  relation  to  other  economic  interests.  In  fact,  its  water  production 
may  be  counted  even  more  important  than  its  coal  production,  look- 
ing to  the  future.  In  a  few  years  the  coal  will  have  been  exhausted 
from  the  rocks  of  this  age,  but  they  will  still  remain  for  an  indefinite 
period  a  source  of  good  water  supply.  This  division  is  characterized 
by  three  great  sandstones,  more  or  less  conglomeratic,  that  are  sepa- 
rated from  each  other  by  shales,  coal  seams,  fire  clays,  and  even  by 
thin  beds  of  limestone  and  iron  ore.  The  sandstones,  or  conglomeratic 
elements,  are  the  three  following,  named  in  descending  order:  Home- 
wood  sandstone,  Massillon  sandstone  or  conglomerate,  Sharon  con- 
glomerate. 

Each  of  these  divisions  reaches  a  thickness  in  some  portion  of  its 
extent  of  80  to  100  feet.  They  are  composed  almost  exclusively  of 
coarse  and  clear  quartz  sand,  among  which  are  irregularly  distributed 
quartz  pebbles.  The  sand  is  occasionally  fine  grained  for  small  areas, 
and  layers  of  shale  occur  in  the  same  regions,  but  as  a  rule  the  sand- 
stones are  freely  open  to  water  and  seem  to  contain  nothing  which 
would  in  any  way  impair  its  purity. 

LOWER  COAL  MEASURES. 

The  Lower  Coal  Measures  of  the  Ohio  scale  are  as  thoroughly  known 
to  us  as  any  other  portion  of  our  column.  We  find  in  them  the  sand- 
stones named  below,  which  are  generally  coarse  in  grain  and  of  fair 
thickness,  varying  from  10  to  40  feet.  All  are  water-bearing,  though 
in  many  instances  they  have  no  fair  chance  to  replenish  their  stocks 
when  once  reduced.  The  sandstones  to  be  enumerated  are  the  follow- 
ing: (I)  The  Kittanning  sandstone,  between  the  Lower  and  Middle 
Kittanning  coals;  (2)  the  Lower  Freeport  sandstone,  an  important  and 
l^ersistent  element  of  the  scale,  particularly  in  southern  Ohio,  where  it 
often  makes  the  roof  of  the  Middle  Kittanning  coal;  (3)  the  Upper 
Freeport  sandstone,  a  less  massive  stratum  that  overlies  the  coal  of  the 
same  name.  It  is  poor  in  grain,  and  springs  occur  but  infrequently 
along  its  outcroi)S.  All  of  these  sandstones  have  faint  conglomeratic 
phases. 

LOWER   BARREN    MEASURES,    UPPER    PRODUCTIVE  MEASURES, 

UPPER  BARREN  MEASURES. 

The  group  of  strata  now  to  be  considered  constitute  the  three  highest 
elements  of  the  Ohio  column.  They  are  not  as  a  rule  so  well  known  as 
those  that  have  already  been  passed  in  review,  but  some  of  their 
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strata  are  importaut  in  the  present  connection.  The  first  seam  to  be 
named  in  the  ascending  order  is  one  of  the  most  important  as  a  water- 
bearer  in  the  entire  list.  It  is  the  Mahoning  sandstone,  the  lowest 
stratum  of  the  Barren  Measures.  It  is  coarse  or  medium,  never  tine, 
in  grain,  and  has  unusual  steadiness  for  a  coal-measure  sandstone.  It 
has  a  considerable  range  in  thickness,  varying  from  40  to  100  feet.  It  is 
feebly  conglom critic  in  places,  especially  in  its  uppermost  portion. 

There  is  a  great  deal  of  shale  in  the  division  which  is  not  water-bear- 
ing. Limestones,  some  of  them  of  considerable  volume,  also  charac- 
terize this  group.  On  the  whole,  these  divisions  must  be  counted  poor 
in  water.  One  of  the  highest  elements  in  the  series  is  the  Pittsburg 
sandstone,  but  its  quality  in  respect  to  storage  of  water  is  indifferent. 

THE  DRIFT. 

The  waters  derived  from  the  drift  constitute  by  far  the  most  impor- 
tant section  of  the  supply  of  the  State,  but,  aside  from  the  few  districts 
in  which  they  appear  in  flowing  wells  from  comparatively  deei)  sources, 
they  are  not  to  be  treated  here.  Mr.  Frank  Leverett's  investigations, 
the  report  of  which  has  already  l)een  published  by  this  Survey,^  have 
been  mainly  restricted  to  the  ordinary  drift  wells  of  Ohio. 

GEiS^ERAL  CHARACTERISTICS  OF  VYATERS  OF  DIFFEREOT 

DEPTHS. 

Before  taking  up  the  water  derived  from  each  of  these  different 
sources,  we  must  consider  a  few  general  principles  that  apply  to  all. 

1.  The  subterranean  waters  from  a  comparatively  shallow  dei)th 
carry,  as  a  rule,  dissolved  carbonates.  Lime  and  magnesia  are  the 
leading  bases,  but  potassium  and  sodium  sometimes  also  occur  in  small 
quantities.  Iron  is  unfailingly  present  and  often  in  notable  quantity. 
These  wells  are  common  sources  of  potable  supply. 

2.  Water  from  a  greater  depth  holds  dissolved  chlorides  as  well. 
Chloride  of  sodium  is  by  far  the  most  common,  but  chlorides  of  mag- 
nesium and  calcium  are  often  added.  Such  waters  are  generally  called 
saline.  The  i^resence  of  chlorides  is  seldom  shown  in  water  at  less  than 
100  feet  in  depth,  and  where  found  they  are  confined  to  a  few  forma- 
tions of  the  Ohio  column.  It  is  very  rare  that  the  drill  descends  to  300 
feet  without  encountering  saline  water,  or  water  too  highly  mineralized 
with  other  elements  to  be  acceptable  for  the  highest  uses.  Aside  from 
that  of  a  few  wells  in  glacial  drift,  no  water  of  the  State  is  known  that 
comes  from  a  depth  greater  than  500  feet  and  still  remains  free  enough 
from  mineral  solutions  to  warrant  its  use  as  potable. 

3.  Sulphates  are  generally  found  in  the  deeper  waters,  but  are  some- 
times also  found  in  the  shallower  waters.  The  most  common  compound 
is  calcium  sulphate,  but  sodium  sulphate  is  not  infrequent. 

4.  Sulphides  also,  particularly  salphureted  hydrogen,  though  often 

'  Eighteenth  Ann.  Kept,  (for  1896-97),  Part  IV,  1897,  pp.  474-555. 
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rising  to  the  surface  in  so-called  sulphur  springs,  are  especially  charac- 
teristic of  water  found  in  limestones,  and  nearly  all  the  water  of  the 
great  Ohio  shale  system  is  characterized  in  this  way.  Sulphides  pass 
into  sulphates  very  promptly  and  by  reactions  easily  understood. 

DESCRIPTION   OF   WATERS    FROM    THE    STRATA  ABOVE 

ISTAMED. 

The  waters  derived  from  the  several  formations  above  named  will  be 
next  considered,  and  they  will  be  taken  up  in  the  order  of  the  i)receding 
review.  Only  those  cases  will  be  treated  at  length  in  which  conspicu- 
ous and  important  production  is  found  in  a  stratum. 

TRENTON  LIMESTONE. 

» 

All  the  water  that  we  know  from  the  Trenton  limestone  in  Ohio  is 
that  derived  from  deep  drilling,  or,  in  other  words,  from  the  oil  and 
gas  wells  of  northwestern  Ohio.  Our  largest  knowledge  of  it  comes 
from  the  counties  where  the  drill  has  been  employed  for  the  longest 
time  and  in  the  greatest  number  of  wells.  The  counties  are  as  follows: 
Lucas,  Ottawa,  Sandusky,  Seneca,  Hancock,  Allen,  Auglaize,  Mercer, 
and  Yan  Wert.  Other  counties  adjoining  those  named  make  some 
additions  to  this  list,  but  the  most  striking  instances  will  be  found  in 
the  counties  named  above. 

The  waters  from  this  lower  horizon,  so  far  as  examined,  seem  to  have 
many  features  in  common.  They  are  all  far  removed  from  a  potable 
character.  All  are  highly  mineralized  and  have  a  strong  bitter  or 
saline  taste.  They  contain  large  quantities  of  chlorides  of  sodium, 
magnesium,  and  calcium.  A  marked  peculiarity  has  been  claimed  for 
them  in  this  respect,  that  the  two  compounds  last  named  frequently 
exceed  the  first,  or  the  chloride  of  sodium — a  somewhat  unusual  fea- 
ture in  underground  waters.  It  does  not  appear  in  all  of  this  deep 
water.  They  are  also  universally  rank  with  sulphureted  hydrogen. 
Sulphates  have  not  been  reported  in  them  thus  far. 

These  waters  are  mostly  artesian,  as  is  shown  by  the  fact  that  they 
rise  under  considerable  pressure,  sometimes,  though  rarely,  flowing  from 
the  well  mouth,  but  generally  stopping  from  100  to  300  feet  below  the 
surface.  In  some  of  the  best  marked  examples,  noted  at  the  time  when 
drilling  was  most  active,  twelve  years  ago,  water  was  found  to  rise  in 
widely  separated  regions  to  approximately  the  same  absolute  height, 
viz,  to  about  COO  feet  above  tide.  Whether  the  wells  How  depends  on 
the  altitude  of  the  surface.  Where  the  surface  is  below  the  600-foot 
line  the  water,  of  course,  escapes  from  the  well  mouth;  but  where  the 
surface  is  higher  the  water  falls  as  nmch  below  as  the  height  of  the  sur- 
face exceeds  that  figure.  Subsequent  observations,  though  compara- 
tively few  in  number,  have  substantiated  the  same  conclusion.  One  of 
the  latest  examples  is  found  in  the  recently  developed  oil  tield  of  Oregon 
township,  Lucas  County.    In  a  well  drilled  there  in  1890  an  amazing 
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flow  of  salt  water  was  uulocked  in  tlie  Trenton  limestone.  The  height 
of  the  surface  at  this  point  is  somewhat  less  than  600  feet  above  tide, 
and  consequently  the  salt  water  flowed  strongly  from  the  well  mouth. 
The  owner  of  the  well  applied  a  pump  to  it  to  reduce  the  salt  water,  if 
possible.  After  vigorous  and  steady  work  for  many  days  he  succeeded 
to  the  extent  of  bringing  in'  a  considerable  amount  of  oil  from  its  higher 
level  in  the  rock.  But  the  oil  production  was  maintained  only  while 
the  pumping  was  continuous. 

In  a  well  drilled  at  Lindsay,  Ottawa  County,  in  1886,  the  salt  water 
rose  very  nearly  to  the  surface.  The  water  came  from  a  depth  of  70 
feet  in  the  Trenton  limestone  and  reached  an  altitude  of  practically  600 
feet  above  tide.  In  Hancock  County  cases  have  occurred  by  the  score 
in  which  the  salt  water  rose  in  great  volume,  whenever  tested  by 
the  pump,  to  the  level  named  above,  which  might  generally  be 
reached  within  100  to  300  feet  of  the  surface.  In  Wood  County  a  well 
on  the  Halsey  farm  produced  for  some  time  a  thousand  barrels  of  salt 
water  per  day.  With  the  water  it  also  yielded  300  barrels  of  oil  for 
the  first  few  months.  The  oil  has  since  fallen  away  to  less  than  100 
barrels,  while  the  volume  of  water  is  maintained. 

A  careful  study  of  the  waters  of  the  Trenton  limestone  was  made  by 
Dr.  T.  S.  Hunt  in  his  Chemical  and  Geological  Essays.  The  results  of 
his  study  are  incorporated  in  an  interesting  paper  in  that  volume. 
The  waters  that  he  discussed  are  not,  however,  deep  waters,  but  are 
such  as  occur  in  springs  and  shallow  wells  in  this  formation  in  Canada. 
The  analyses  given  by  him  show  the  same  general  constitution  that 
characterize  the  deep  waters  of  Ohio  when  the  rock  is  penetrated  to  the 
same  horizon.    I  append  a  number  of  Dr.  Hunt's  analyses: 


Analyses  of  Trenton  limestone  ivaters. 
[Grains  to  the  gallon.] 


Constituent. 


Sodium  chloride  

Magnesium  chloride  

Calcium  chloride  

Potassium  chloride  

Barium  aud  strontium  chlorides. 

Sodium  bromide  

Sodium  iodide  

Magnesium  bromide  

Magnesium  iodide  

Calcium  sulphate    

Sili< 


Whitby. 


18.  9158 
9.  5437 
17. 5315 


.2482 
.0008 


iica 


Barium  and  strontium  sulphate.. 

Calcium  carbonate  

Magnesium  carbonate  

Barium  and  strontium  carbonate. 

Total  solids  


0411 
0227 


St.  Cath- 
erine. 


29.  8034 
3.  3977 
14. 8544 


0042 


Caledonia. 


12.  2500 
1.  0338 
.2870 
.0305 


2. 1923 


46.3038  I  50.6075 


.0238 
.0021 
.0238 
.0021 


0225 


.1264 
.8632 
.  5555 


14. 6893 


Lanoraie. 


11.1400 
.2790 
.2420 
.1460 
.0488 
.0283 
.0052 
.0283 
.0052 


0552 


.4520 
.4622 
.0243 


12. 8830 
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A  deep  water  derived  from  some  part  of  the  Trenton  limestone  in  a 
well  drilled  at  Ripley,  Brown  County,  Ohio,  has  been  put  on  the  mar- 
ket as  a  '^Brom-Lithia"  water.  An  analysis  by  Prof.  Karl  Langenbeck 
shows  the  following  composition: 


Analysis  of  water  of  well  at  Ripley,  Ohio. 


Constituent. 

Grains  per 
imperial 
gallon. 

Silica  

2.  0300 
.0850 

Alumina  

Ferrous  sulphide  

.0520 

Ammonium  sulphide  

.  7750 

Calcium  sulphide  

18. 6330 

Magnesium  sulphide  

24. 0890 

Calcium  hvdrosulphide  

3. 2300 

Calcium  sulphate  

1.8250 

Magnesium  bromide  

.6570 

Sodium  chloride  

663. 4530 

Potassium  chloride  

18.  9800 

Lithium  carbonate  

11. 0500 

A  single  analysis  of  the  deep  brine  of  the  Trenton  limestone  from 
northern  Ohio  is  here  introduced.  The  work  was  done  for  the  State 
board  of  health  by  Prof.  N.  W.  Lord. 


Analysis  of  ivater  of  Trenton  limestone. 


Constituent. 

Grains  jier 
gallon. 

• 

Potassium  sulphate  

4.66 

Potassium  chloride  

56.24 

Sodium  chloride  

2,  384.  40 

Calcium  chloride  

471.  90 

Calcium  carbonate  

25.83 

Magnesium  chloride  

354. 00 

.08 

Alumina  

.10 
.72 

Silica  and  silicates  

Total  solids  

3,  297.  93 

This  water  was  taken  from  well  No.  8  on  the  Halsey  farm,  Plain 
Township,  Wood  County,  2  miles  west  of  the  court-house  scjuare  in 
Bowling  Green.  The  well  has  been  a  generous  producer  of  salt  water 
and  oil  from  the  beginning.    The  depth  from  which  both  products  are 
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raised  is  1,256  feet.  The  salt  water  does  not  flow  from  the  well  mouth, 
but  when  left  to  itself  rises  to  considerable  height  in  the  well.  The 
constant  i^umping  to  which  this  and  hundreds  of  other  wells  in  the 
vicinity  are  subjected  has  had  a  greater  or  less  influence  on  the  salt 
water.  At  the  first  drilling  of  the  well  it  yielded  300  barrels  of  oil  i)er 
diem  and  continued  this  production  for  a  number  of  months.  At  the 
same  time  it  yielded  as  much  as  1,000  barrels  of  salt  water.  The  oil 
production  of  the  well  has  latterly  fallen  to  100  barrels  per  diem,  but 
the  water  still  continues  in  large  volume.  The  character  of  the  water 
is  marked,  as  the  figures  given  above  show,  but  the  chloride  of  sodium 
is  in  large  excess  over  the  other  chlorides  present.  It  will  be  remem- 
bered that  in  many  examples  of  these  deep  waters  from  the  old  rocks 
the  contrary  has  been  claimed  to  be  true.  The  claim  has  not  been 
substantiated  in  Ohio. 

A  second  analysis  of  the  water  is  herewith  given  from  the  Hem- 
mingray  well  at  Newport,  Kentucky.  The  water  was  found  at  a  depth 
of  500  feet,  or  about  200  feet  below  the  upper  surface  of  the  Trenton 
limestone.  The  analysis  was  made  by  Prof.  N.  W.  Lord  for  the  Ohio 
geological  survey. 


Anah/sis  of  water  of  Trenton  limestone  from  well  at  Neivport,  Kentucky. 


Constituent. 

Grains  i)er 
gallon. 

Calcium  sulphate  

106.01 

Sodium  chloride  

614.  04 

Magnesium  chloride  

54. 17 

Silica  

.41 

Alumina  and  iron.  

Trace. 

Sulphureted  hydrogen  

(a) 

a  Undetermined,  but  in  large  amount. 


This  water  was  popularly  called  ''Blue  Lick  water,"  and  was  imag- 
ined by  some  persons  to  produce  beneficial  effects  when  taken  into 
the  human  system.  For  bathing  it  would  unquestionably  prove  advan- 
tageous in  certain  forms  of  disease. 

MEDINA  AND  CLINTON  HORIZONS. 

The  geological  elements  indicated  by  the  numbers  2  and  3  in  the 
column  on  page  038  give  no  important  or  characteristic  production  of 
*  water  anywhere  in  the  State,  for  the  reasons  that  can  be  understood 
by  reference  to  the  description  of  the  several  elements  heretofore 
given.  But  at  the  junction  of  numbers  4  and  5,  in  southwestern  Ohio, 
a  remarkable  line  of  springs  occurs.  These  are  all  found  on  the  outcrop 
of  the  Clinton  limestone  and  largely  on  outcrops  of  outliers  of  this 
formation.    In  all  such  cases  the  drift  is  generally  thin.    The  horizon 
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is  well  marked  geologically,  as  it  is  very  near  the  dividing  line  between 
Ordovician  and  Silurian  time  (Lower  and  Upper  Silurian).  It  is  also, 
in  many  instances,  conspicuous  by  reason  of  color  effects.  The  Medina 
series  is  generally  highly  colored,  a  red  band  being  its  most  striking  ele- 
ment. As  it  is  the  only  red  stratum  in  the  entire  district,  its  presence 
is  sure  to  be  noted. 

This  line  of  springs  led  to  the  location  of  many  farms  in  the  original 
settlement  of  the  country,  and  roadways  connecting  these  tracts  first 
occupied  have,  in  some  instances,  been  maintained  to  the  present  day. 
There  is  also  an  abrupt  change  of  level  in  many  cases,  as  one  passes  from 
the  Clinton  to  the  Medina  horizou.  The  former  is  apt  to  occur  in  a 
terrace  like  outcrop.  Moreover,  there  is  often  a  well-marked  change  in 
soils  in  passing  from  the  higher  to  the  lower  level.  A  belt  of  unusual 
productiveness  characterizes  the  slope  below  the  Clinton  limestone  as 
a  rule,  and,  since  the  buildings  and  improvements  of  farmers  generally 
correspond  to  their  success,  the  homes  that  are  established  along  this 
boundary  are  more  than  usually  attractive.  It  is  probable  that  the 
escape  of  water  at  this  level  has  something  to  do  with  the  change  in 
the  character  of  the  soil. 

The  water  of  these  springs,  and  from  this  horizon  generally,  has,  so 
far  as  known,  no  peculiar  qualities.  Most  of  it  has  passed  through  the 
thin  beds  of  drift  that  overlie  the  limestone,  and  afterwards  through  10 
to  30  feet  of  Clinton  limestone  before  reaching  the  impervious  bed  of 
Medina  shale  that  turns  it  out  to  the  surface.  There  are  no  conditions 
apparent  that  promise  any  uilusual  degree  of  purity,  through  filtration 
or  other  means;  but  so  far  as  known,  these  sources  have  given  an 
acceptable  and  approved  supply  to  many  thousands  of  people  during 
the  lives  of  several  generations.  It  is  geologically  the  lowest  potable 
rock  water  that  is  known  in  the  State. 

The  counties  in  which  this  line  of  springs  occurs  are  named  herewith : 
Preble,  Montgomery,  Warren,  Greene,  Clinton.  Excellent  examples 
of  the  phenomena  above  described  are  to  be  found  on  the  margin  of 
Spring  Hill,  in  Warren  and  Clinton  counties. 

A  considerable  amount  of  water  too  highly  mineralized  for  a  potable 
supply  is  found  at  this  same  horizon  when  it  is  reached  in  the  deep  wells 
of  northwestern  Ohio.  The  Medina  shale  is  the  one  safe  horizon  in 
which  to  set  the  casings  of  gas  and  oil  wells  that  are  to  be  carried  down 
to  the  Trenton  horizon.  In  that  part  of  the  State  the  Medina  is  usually 
a  well-marked  red  rock,  and,  as  observed  above,  it  is  a  landmark  that 
never  escapes  notice  in  the  well  section.  There  is  one  higher  horizon, 
viz,  the  Niagara  shale,  where  the  casing  can  often  be  set  successfully, 
keeping  the  well  free  from  the  invasion  of  deep  rock  water.  It  is  never 
safe,  however,  to  depend  on  this;  but  when  the  casing  is  set  in  the 
Medina  shale,  it  has  been  found,  in  thousands  of  instances,  to  furnish 
sure  protection  to  the  well.  From  these  deep  wells  we  get  in  many 
instances  waters  rank  Avith  sulphureted  hydrogen.    Sometimes  the 
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water  is  more  or  less  strongly  impregnated  with  salt;  and  iron  is  often 
present  in  solution.  ]S^o  use  has  been  made  of  these  deep  waters  in  any- 
way, so  far  as  I  have  been  able  to  learn.  The  only  obvious  use  is  in 
medicinal  baths. 

The  counties  in  which  the  deep  wells  of  the  Clinton  are  found  are 
identical  with  the  counties  in  which  the  Trenton  limestone  is  petrolifer- 
ous in  the  large  way.  The  list  will  agree  exactly  with  the  list  given 
under  the  deep  wells  of  the  Trenton  limestone. 

NIAGARA  LIMESTONE. 

The  Niagara  series  consists  of  the  ^siagara  shale  and  the  Niagara 
limestone.  The  latter  is  also  divisible  into  two  or  more  elements,  but 
they  need  not  be  distinguished  here.  The  Niagara  shale  separates  the 
Niagara  limestone  from  the  Clinton  limestone.  It  is  a  close-grained 
and  fairly  impervious  formation  and,  alike  in  outcrop  and  under  cover, 
is  a  water-bearing  horizon.  The  springs  that  are  found  on  this  line  in 
the  regions  where  it  lies  above  drainage,  are  not  so  strong  as  those 
rom  the  junction  of  the  Medina  and  Clinton,  already  described,  but  in 
Clarke,  Greene,  and  Highland  counties,  a  large  quantity  of  water  finds 
its  way  to  the  surface  at  this  level,  and  many  wells  obtain  water  when 
drilled  to  this  horizon.  The  latter  statement  applies  especially  to  the 
districts  about  Springfield,  Yellow  Springs,  Cedarville,  Hillsboro,  etc. 
Under  deep  cover,  the  water  is  of  very  much  the  same  character  as  that 
just  described. 

But  by  far  the  most  important  contribution  that  the  Niagara  lime- 
stone makes  to  the  water  supply  of  the  State  is  found  in  regions  where 
it  was  a  surface  rock  in  the  ages  that  intervened  between  the  estab- 
lishment of  Ohio  as  dry  land  and  the  epoch  of  the  glacial  drift.  During 
this  last  period  there  were  large  areas  of  the  limestone  exposed  to  the 
action  of  atmospheric  agencies,  protected  only  by  the  products  of  its 
own  weathering.  In  such  regions  the  joints  of  the  limestone  must  have 
been  widened  and  underground  reservoirs  and  channels  must  have  been 
established  as  parts  of  a  general  drainage  system.  Finally  the  drift 
came,  covering  and  leveling  up  the  entire  surface  of  the  country.  The 
deposits  which  it  brought  sometimes  allow  the  freest  possible  ])assage 
of  water  to  the  rock  floor,  and  again,  the  bowlder  clay  shuts  out  the 
surface  water  almost  completely  from  considerable  areas.  By  reason 
of  this  irregular  distribution  of  the  pervious  cover,  the  rocky  floor 
still  takes  an  important  part  in  the  water  circulation  of  the  country. 
The  first  example  of  this  condition  is  found  in  the  experience  of  Sidney, 
Miami  County. 

SIDNEY. 

Some  years  ago  the  necessity  of  a  public  supply,  especially  for  pro- 
tection against  fire,  became  evident  to  the  people  of  Sidney,  and  water- 
works were  introduced  at  the  public  expense,  with  the  Miami  Eiver, 
which  flows  through  the  center  of  the  town,  as  the  source.    A  reservoir 
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was  formed  by  damming  the  river  above  the  town,  but  the  quality  of 
the  water  drawn  was  poor.  In  fact,  it  was  used  only  for  fire  protec- 
tion. It  was  justly  considered  unsatisfactory  and  unsafe  for  domestic 
use.  In  1885  the  excitement  originating  in  the  discovery  of  gas  in 
Findlay  in  the  previous  year  led  the  enterprising  people  in  Sidney  to 
try  their  fortune  with  the  drill  in  the  home  field.  A  deep  well  was 
accordingly  drilled  in  the  fall  and  winter  of  that  year,  and  in  the  course 
of  the  descent  a  surprising  flow  of  water  was  found  in  the  upper  lime- 
stone series,  which  is  here  about  200  feet  thick.  It  consists  altogether 
of  Upper  Silurian  elements.    The  series  is  as  follows : 

Section  of  well  at  Sidney,  Ohio.  , 

Feet, 

Nia<^ara  limestone   140 

Niagara  shale   40 

Clinton  limestone   20 

Clinton  and  Medina  shales  

The  water  found  in  the  limestone  was  highly  sulphureted,  and 
although  the  flow  was  seen  to  be  exceptionally  vigorous,  it  attracted 
but  little  general  attention  at  the  time.  The  Trenton  limestone,  which 
was  the  goal  of  the  driller,  was  found  unproductive;  but  new  compa- 
nies were  organized  and  other  wells  drilled,  all  of  them  showing  the 
same  general  results,  viz,  neither  gas  nor  oil  in  the  Trenton,  at  least 
none  of  economic  importance,  but  an  abundant  supply  of  water  from 
the  upper  limestones.  The  water  was  under  artesian  pressure,  and 
rose  with  considerable  force  from  the  well. 

One  of  the  abandoned  wells,  viz,  that  drilled  on  the  Burkhardt 
property,  was  allowed  to  remain  a  flowing  fountain,  and  has  been  send- 
ing out  to  the  river  a  good-sized  stream  ever  since  it  was  drilled.  The 
water  was  struck  in  the  Clinton  series  217  feet  below  the  surface. 

Finally,  the  demand  for  potable  water  for  the  town  became  more 
urgent,  and  the  deep  supply  in  the  upper  limestones  came  to  be  con- 
sidered in  this  connection.  During  the  present  year,  1897,  the  town 
has  taken  up  the  matter  in  earnest  and  has  exi^ended  $80,000,  in  addi- 
tion to  $dO,000  spent  in  the  establishment  of  the  older  plant. 

Four  wells  have  been  drilled  and  the  water  found  has  been  turned 
into  the  city  pipes.  The  reservoir  has  been  entirely  abandoned.  All 
the  wells  are  located  in  the  river  valley  and  in  the  center  of  the  cor- 
porate limits  of  the  town.    The  section  found  is  as  follows: 

Section  of  well  at  Sidney,  Ohio. 

Feet. 

Gravel  filled  with  water    30 

Niagara  limestone   90 

The  section  shows  that  the  wells  obtain  their  supply  from  the  lower 
Kiagara.  If  they  had  been  carried  deeper,  they  would  undoubtedly 
have  soon  struck  sulphur  water,  as  was  the  case  with  all  that  were 
drilled  for  gas.  Water  was  found  in  the  limestone  all  the  way  down. 
By  its  ascent  in  i)ipes  connected  with  the  wells,  it  shows  an  artesian 
19  GEOL,  FT  4  42 
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head  of  17  feet,  and  in  one  case  in  tlie  town  a  head  of  25  feet  was 
reported.  The  flow  from  a  6-inch  pipe  at  the  wells,  rising  3  feet  above 
the  surface  of  the  ground,  makes  a  splendid  and  imposing  exhibition. 
(See  PI.  LXXI,  B.) 

The  supply  for  the  town  is  ample  for  every  purpose.  The  maximum 
production  of  the  present  year  is  936,000  gallons  in  twenty-four  hours; 
the  average,  400,000  gallons.  The  wells  could,  without  doubt,  maintain 
even  the  maximum  for  a  long  time. 

A  well  at  a  brewery  a  few  hundred  yards  south  of  the  waterworks, 
drilled  into  the  limestone  to  the  same  depth  as  the  city  wells,  obtains 
the  same  artesian  flow,  but  finds  it  affected  by  the  pumps  of  the  city 
plant.  When  these  are  taxed,  the  flow  of  the  brewery  well  becomes 
intermittent. 

The  water  is  thoroughly  acceptable  for  domestic  use,  but  for  steam 
boilers  constant  care  and  outlay  are  required.  The  sediment  and  crust 
deposited  on  boilers  will  make  sometimes  a  deposit  of  an  inch  in  two 
weeks'  time. 

An  analysis  of  the  water,  recently  made  by  Prof.  C.  0.  Howard  for 
the  State  board  of  health,  shows  the  following  composition: 

Analysis  of  water  from  wells  at  Sidney,  Ohio. 


Constituent. 


Calcium  sulphate  

Calcium  carbonate  ... 
Magnesium  carbonate 
Sodium  chloride  

Total  solids  


The  explanation  of  the  high  percentage  of  sulphate  of  lime  is 
undoubtedly  found  in  the  fact  that  the  water  originally  contained  more 
or  less  sulphureted  hydrogen.  By  its  oxidation,  the  sulphur  appears 
in  the  form  of  sulphuric  acid,  and  this  takes  the  lime  from  a  certain 
amount  of  carbonates  in  the  water. 

CELINA. 

Public  water  supply  was  established  iu  this  village  in  1895  at  an  out- 
lay of  $50,000.  Six  wells  have  been  drilled,  the  first  three  to  a  depth 
of  175  feet,  the  others  to  a  depth  of  300  feet.  The  wells  are  located  1^ 
miles  northwest  of  the  court-house.  The  drillers  find  80  feet  of  drift, 
120  feet  of  Niagara  limestone,  and  60  feet  of  Niagara  shale  and  Glintou 
limestone.  They  seem  to  have  been  drilled  deeper  than  the  water 
supply  would  require.  Probably  their  entire  stock  is  derived  from  200 
feet  of  the  total  depth.  The  supply  is  large  and  the  capacity  of  the 
wells  has  never  been  reached  by  the  pumps.  The  water  rises  to  within 
30  feet  of  the  surface.    The  wells  affect  each  other  noticeably. 


Grains  per 
gallon. 


23.  85 
40. 06 
20.  50 
.09 

84.50 
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•  The  quality  of  the  water  is  not  entirely  satisfactory.  It  is  too  hard 
for  many  household  uses  and  is  particularly  objectionable  for  steam- 
boilers.  An  analysis  made  by  Prof.  0.  0.  Howard  in  1890  showed  251 
grains  of  total  solids  to  the  gallon.  The  composition  of  the  water  has 
considerably  changed  in  the  interval  between  the  analysis  and  the 
present  time.  Prof.  N.  W.  Lord  finds  the  following  substances  in  an 
analysis  recently  comiDleted. 


Analysis  of  ivater  from  wells  at  Celina,  Ohio. 


Constituent. 

Grains  per 
gallon. 

Potassium  sulphate  

0.  62 

Sodium  sulphate  

15.  90 

Calcium  sulphate  

46.36 

Magnesium  sulphate  

19.55 

Magnesium  carbonate  

10.  02 

Sodium  chloride  

1.46 

Iron  and  alumina  

0. 45 

Silica  and  silicates  

1.00 

Total  solids  

95.  36 

It  is  of  course  recognized  that  the  large  percentage  of  common  salt 
in  this  water  does  not  imply  its  previous  sewage  contamination.  It  is 
distinctly  a  product  of  the  rock  strata  from  which  the  water  is 
obtained. 

ST.  MARYS. 

A  public  supply  was  introduced  into  this  village  in  1895.  The  drill- 
ing for  oil  and  gas  had  been  so  extensive  in  this  region  that  the  under- 
lying sources  of  potable  water  were  well  understood,  and  no  preliminary 
tests  were  needed  in  locating  the  public  supply.  Four  wells  were 
drilled  in  1895  at  a  point  conveniently  located  within  the  corporation 
limits,  the  first  to  a  depth  of  155  feet,  the  second  to  265  feet,  and  the 
others  to  about  280  feet,  all  terminating  in  Niagara  limestone.  The 
first  well  did  not  produce  so  much  water  as  had  been  expected  and 
a  torpedo  was  exx)loded  in  it  to  increase  its  flow,  but  no  advantage 
was  derived  therefrom.  It  yields  to  the  pump  200,000  gallons  per 
diem,  while  the  second  produces  700,000  gallons  per  diem.  The  com- 
bined average  daily  capacity  of  the  four  wells  is  estimated  to  be 
2,000,000  gallons. 

An  analysis  of  the  water  was  made  by  Messrs.  Werner  and  Simon 
son,  of  Cincinnati,  which  showed  the  qualities  named  below: 

Quality  of  ivater  from  wells  at  St.  Marys,  Ohio. 

Temporary  hardness  (carbonates  of  lime  and.  magnesia)   31. 50 

Permanent  hardness  (sulphates  of  lime  and  magnesia)   5.  00 
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The  supply  has  been  approved  by  the  State  board  of  health,  and  is 
coining  to  be  generally  used  by  the  people  of  the  village.  Wells  of 
this  class  may  be  obtained  over  an  area  of  several  square  miles  in  the 
vicinity  of  St.  Marys. 

FOUNTAIN  PARK. 

A  few  examples  of  excellent  supplies  of  water  derived  from  the 
porous  or  Guelph  division  of  the  Niagara  limestone  remain  to  be  noted. 
The  first  occurs  at  Fountain  Park,  a  station  on  the  Pittsburg,  Cincin- 
nati and  St.  Louis  Railway,  in  the  northeastern  corner  of  Champaign 
County.    (See  PI.  LXXI,  A.) 

The  discovery  of  this  source  of  water  was  made  about  sixteen  years 
ago.  A  well  was  drilled  in  1882  to  a  depth  of  62  feet,  about  20  feet  of  ^ 
which  was  limestone,  on  the  farm  of  Mr.  A.  J.  Smith,  and  water  flowed 
from  the  well  mouth.  It  was  at  once  observed  that  the  water  carried 
iron  enough  to  leave  a  rusty  stain  on  surfaces  over  which  it  flowed, 
which  is  by  no  means  unusual.  To  this  observation  another  was  pres- 
ently added,  viz,  that  a  knife  blade  held  in  the  water  became  magnetic. 
The  discovery  was  at  once  heralded  that  a  new  fountain  of  "magnetic 
water"  had  been  found  in  this  portion  of  the  State.  Others  had  been 
previously  known  there.  • 

Just  how  the  popular  delusion  in  regard  to  certain  waters  being 
magnetic  originated  it  is  impossible  to  say.  The  earth  is  a  magnet,  and 
iron  rods  and  pipes  set  vertically  in  it  take  their  part  in  magnetic 
phenomena.  The  steel  drill  with  which  all  deep  wells  are  sunk  always 
becomes  permanently  magnetic,  and  the  iron  casing  of  such  wells 
becomes  at  least  temporarily  so.  Similar  phenomena  can  be  found  in 
every  deep  well  without  regard  to  the  character  of  the  water.  But 
wny  one  well  or  spring  should  be  called  magnetic  rather  than  another 
is  a  matter  of  caprice  or  accident  that  can  not  be  explained.  No  water 
is  ever  called  so  that  does  not  flow  through  a  vertical  iron  pipe,  and  all 
waters  having  this  mode  of  egress  have  equal  right  to  the  name. 

Presently  it  was  determined  that  as  the  water  flowed  and  was  mag- 
netic it  must  be  utilized.  A  good  hotel  was  forthwith  built  and 
equipped  with  bath  houses.  It  was  designed  especially  for  summer 
use.  Other  wells  were  drilled,  including  one  deep  well  with  a  6-inch 
casing.  This  was  sunk  to  a  depth  of  2,300  feet  with  the  hope  of  reach- 
ing gas  or  oil.  The  territory  has  been  pretty  thoroughly  tested  with 
respect  to  flowing  wells,  and  fourteen  in  all  have  thus  far  been  develoj)ed 
in  the  immediate  neighborhood.  They  are  all  included  within  150  acres. 
All  the  flowing  water  comes  from  the  rock,  and  in  the  deep  well  the 
main  supply  is  derived  from  114  feet.  This  fills  the  6-inch  pipe  and 
has  a  pressure  head  of  14  feet.  In  other  wells  on  higher  ground  the 
head  is  reduced  proportionately.  These  wells  aflect  each  other,  but  are 
not  influenced  by  rainfall  or  the  accidents  of  the  seasons,  so  far  as 
noted.  The  waters  from  different  depths  in  the  rock  have  distinctly 
different  characters.   The  analysis  of  the  water  of  the  first  well  drilled 
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was  made  by  Mr.  E.  S.  Wayne,  of  Gincmuati,  and  shows  the  following 
composition : 

Analysis  of  icater  from  ivell  at  Fountain  Park,  Ohio. 


Constituent. 


Chloride  of  sodium  

Chloride  of  calcium  ... 
Chloride  of  magnesium 

Sulphate  of  potash  

Carbonate  of  lime  

Carbonate  of  magnesia 

Carbonate  of  iron  

Silica  

Organic  matter  

Total  solids  


Grains  per 
gallon. 


13.  64 
4.22 
2. 12 
2. 61 
26. 24 
11.41 
0. 16 
0.  24 
0.  39 


61.  03 


This  water  is  found  to  be  laxative  in  its  physiological  effects,  as  its 
mineral  constitution  would  lead  us  to  expect. 

Well  Ko.  2,  near  the  hotel,  comes  from  a  shallower  depth  and  has 
more  of  the  character  of  drift  water.  Its  composition,  as  determined 
by  Prof.  H.  A.  Weber,  of  the  Ohio  State  University,  is  shown  in  the 
following  table.  This  water  is  counted  astringent,  but  it  is  hard  to  see 
how  it  can  differ  from  the  water  of  ordinary  wells.  A  small  amount  of 
sulphureted  hydrogen  is  dissolved  in  it. 

Analysis  of  water  from  ivell  at  Fountain  Park,  Ohio. 


Constituent. 


Carbonate  of  lime  

Sulphate  of  lime  

Carbonate  of  magnesia 
Sulphate  of  magnesia  . 

Carbonate  of  iron  

Chloride  of  sodium  . . . . 

Sulphate  of  soda  

Sulphate  of  potash  . . . . 

Silica  

Organic  matter  

Total  solids  


Grains  per 
gallon. 


15. 293 
.087 

1.367 
10.  769 
.160 
.539 

1.186 
.426 

1.225 
.230 


31.  282 


The  water  from  well  No.  2  is  largely  sold  in  Columbus  as  a  table 
water.    It  is  considered  satisfactory  by  those  who  use  it. 

The  water  of  the  deep  well,  well  ]^o.  3,  of  the  hotel  property,  comes, 
as  has  been  said,  from  about  114  feet  in  depth.    It  has  a  flow  of  great 
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volume,  but  actual  measurements  have  not  been  made.  If  left  to  flow 
unimpeded  from  the  6-iuch  casing  it  reduces  the  head  of  all  the  sur- 
rounding wells.  Its  composition  is  shown  in  the  following  analysis, 
made  by  Prof.  H.  A.  AVeber : 

Analysis  of  water  from  well  at  Fountain  Park,  Ohio. 


Coustituent. 


Carbonate  of  lime  . 

Sulphate  of  lime  

Carbonate  of  magnesia 
Sulphate  of  magnesia  . 

Carbonate  of  iron  

Chloride  of  sodium  

Sulphate  of  soda  

Sulphate  of  potash  . . . . 

Silica  

Organic  matter  

Total  solids  . 


The  topography  of  the  district  is  interesting.  The  surface  is  occu- 
pied by  a  moraine  of  recession,  and  is  beautifully  diversified  by  low 
hills  and  hollows.  The  district  is  one  of  the  most  beautiful  in  central 
Ohio. 

Brush  Lake  occupies  one  of  these  hollows  or  depressions  in  the  drift 
sheets.  The  lake  has  an  area  of  11  acres,  and  its  greatest  depth  is  80 
feet.  In  its  northwestern  corner  there  are  indications  of  the  ingress  of 
spring  water  in  considerable  volume. 

PLAIN  CITY. 

On  the  same  line  of  railroad,  15  miles  farther  eastward,  another 
example  of  strong  flowing  water,  apparently  from  the  same  geological 
source,  was  found  during  the  epidemic  of  drilling,  which  has  several 
times  been  referred  to  in  this  discussion.  A  deej)  well,  projected  at 
Plain  City  in  1889,  was  carried  down  to  a  depth  of  1,700  feet,  when  the 
tools  became  fast  and  the  drilling  was  necessarily  abandoned,  but  in 
sinking  it  a  powerful  flow  of  water  was  struck  at  387  feet.  The  water 
showed  a  head  of  18  feet  of  pressure,  but  as  the  location  was  below  the 
general  level  of  the  country  the  head  would  be  but  4  or  5  feet  above 
the  ordinary  level  of  the  drift  plains. 

A  second  well  was  located  near  the  first,  and  repeated  its  experience 
so  far  as  rock  water  was  concerned.  This  well  was  drilled  2,000  feet 
deep,  and,  according  to  the  recollection  of  those  interested,  was  carried 
about  30  feet  into  the  Trenton  limestone. 

A  destructive  fire  swept  through  the  business  part  of  the  town  in 


Grains  per 
gallon. 


14. 242 
.099 
1.457 
9.  296 
.221 
.480 
.274 
Trace. 
1.  390 
.251 

27. 710 
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1894,  with  which  the  residents  found  themselves  utterly  unable  to  cope. 
This  led  to  the  recognition  of  the  imperative  need  of  an  adequate  water 
supi3ly — a  need  that  was  emphasized  by  the  frequent  occurrence  of 
typhoid  fever  in  the  village.  The  great  flow  of  cool,  clear,  excellent 
water  constantly  escaping  from  the  casings  of  the  two  deep  wells  was 
before  the  eyes  of  the  people,  and  it  did  not  take  long  to  decide 
upon  the  proper  course  to  pursue.  A  public  water  supply  from  this 
source  was  decided  upon,  the  village  was  bonded  for  $35,000,  and  a 
modern  waterworks  plant  was  forthwith  installed.  Both  of  the  sources 
of  dangers  above  referred  to — fire  and  fever — have  been  effectually  dis- 
posed of  by  the  introduction  of  this  deep  water,  ^ot  a  case  of  typhoid 
has  ever  occurred  in  families  where  the  deep  water  has  been  in  use,  and 
fires  are  extinguished  so  promptly  that  some  of  the  people  are  disposed 
to  believe  that  the  water  must  have  some  element  not  found  in  ordinary 
water  to  account  for  its  effects 5  but  of  course  there  is  no  foundation  for 
such  a  belief. 

The  water  does  not,  however,  answer  at  all  for  boiler  use,  as  its  min- 
eral contents  indicate.  The  following  analysis  was  made  for  the  State 
board  of  health  by  Prof.  N.  W.  Lord: 

Analysis  of  ivater  from  wells  at  Plain  City,  Ohio. 


Constituent. 


Potassium  sulphate  

Sodium  chloride  

Sodium  sulphate  

Calcium  sulphate  

Calcium  carbonate  

Magnesium  carbonate  

Oxide  of  iron  and  alumina 
Silica  

Total  solids  


Grains  per 
gallon. 


0.  70 
1.94 
1.86 

13.  60 
8.90 

10.  30 
0.22 
1.72 


39.  24 


HARRISBURG. 


The  third  case  of  a  vigorous  supply  of  flowing  water  from  the  porous 
Niagara,  where  it  occurs  under  deep  cover,  has  recently  been  developed 
at  Harrisburg,  on  the  line  of  the  Midland  Kailroad  at  the  crossing  of 
Big  Darby.  The  Devonian  limestone  has  an  outcrop  here,  and,  as  is 
not  infrequently  the  case,  it  is  charged  with  considerable  quantities  of 
inspissated  petroleum.  This  petroleum  has  undoubtedly  a  local  origin 
and  has  no  significance  whatever  as  indicating  a  source  of  deep  oil, 
but  facts  were  diflerently  construed  by  local  observers.  A  company 
was  formed  two  years  ago  to  drill  a  deep  well  at  this  point.  The  Tren- 
ton limestone  was  not  reached,  but  as  has  so  often  happened  elsewhere, 
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aD  excelleut  flow  of  water  was  found.  The  main  production  comes  from 
a  depth  of  about  400  feet  (390  to  405).  Kecently  measured  by  Prof.  C. 
Brown,  of  the  State  University,  its  i)roduction  was  found  to  be  about 
850,000  gallons  per  diem.  The  flow  is  sufficient  to  run  steadily  a  9^- 
foot  water  wheel,  which  is  applied  to  grinding  grain,  sawing  lumber, 
and  the  like.    (See  PI.  LXXII.) 

The  record  of  the  well  leaves  no  doubt  as  to  the  horizon  from  which 
the  water  comes.  It  is  certainly  derived  from  the  Guelph  division  of 
the  Niagara  limestone.  The  composition  of  the  water  is  shown  in  the 
following  analysis  made  by  Prof.  N.  W.  Lord  for  the  State  board  of 
health.    The  figures  indicate  grains  to  the  United  States  gallon. 

Analysis  of  ivater  from  wells  at  JSarrisburg,  Ohio. 


Constituent. 


Grains  per 
gallon. 


Potassium  sulphate  

Sodium  chloride..  

Sodium  sulphate  

Calcium  sulphate  

Calcium  carbonate  

Magnesium  carbonate  

Oxide  of  iron  and  alumina 
Silica  

Total  solids  


0.51 
2.72 
2.  91 
14 . 61 
7.  42 
9.  76 
0. 12 
1.60 


39. 65 


The  close  agreement  of  the  waters  of  the  Plain  City  and  Harrisburg 
wells  in  the  details  of  their  mineral  composition  is  strikingly  shown  in 
the  last  two  analyses  given. 

ONONDAGA  LIMESTONE.' 

This  great  division  is  by  far  the  most  important  source  of  under- 
ground water  for  all  the  higher  uses  that  is  to  be  found  in  the  State. 
The  thickness  of  the  formation  and  its  area,  greatly  exceeding  those  of 
all  the  other  limestones  of  our  column,  make  the  statement  both  intel- 
ligible and  probable.  Its  soluble  character  also  comes  into  the  account. 
It  seems  certain  that  some  beds  in  the  series  have  been  dissolved  in  a 
larger  way  than  others,  thus  giving  rise  to  what  appear  to  be  water 
horizons  in  an  essentially  impervious  rock. 

The  principal  factor  in  the  storage  quality  of  the  series  results  from 
the  vast  periods  in  which  it  constituted  the  surface  of  the  State,  over- 
spread only  with  the  results  of  its  own  decay.  During  these  ages, 
covering  the  time  from  the  Appalachian  revolution,  when  the  State 
became  dry  land,  to  the  advent  of  the  Glacial  period,  the  surface  of 


'  The  Water-lime  and  Lowex*  Helderberg  limestone  of  Ohio  reports. 
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the  State  undoubtedly  stood,  for  at  least  a  portion  of  the  time,  at  a 
higher  level  geographically  than  it  now  holds.  The  joint  planes  of  lime- 
stones would  consequently  be  widened  and  the  underground  drainage 
in  this  rock  indefinitely  extended  and  enlarged.  Only  thus  can  the 
present  state  of  the  buried  limestone  be  understood  or  explained. 
That  the  limestone  once  stood  at  a  higher  level  in  its  relation  to  the 
main  drainage  streams  is  evident  from  the  fact  that  the  drill  often 
finds  empty  chambers  several  feet  in  depth  as  much  as  100  or  even  200 
feet  lower  than  the  present  drainage  systems. 

In  recording  the  storage  quality  of  the  Onondaga  limestone  and  the 
use  already  made  of  water  derived  from  it  by  the  towns  of  Ohio  it  is 
easy  to  see  that  a  beginning  only  has  been  thus  far  made.  More  and 
more  cities,  villages,  hamlets,  and  isolated  homes  will  learn  to  avail 
themselves  of  the  vast  amount  of  duly  i)urified  though  somewhat 
highly  mineralized  water  which  is  stored  in  the  joint  spaces  and  rock 
chambers  prepared  by  the  processes  of  solution  of  earlier  ages. 

Among  the  cities  and  villages  that  are  already  depending  on  the 
waters  of  the  Onondaga  limestone  the  following  may  be  named:  Del- 
phos,  Lima,  Kenton,  Upper  Sandusky,  Bellefontaine,  Marysville, 
Sabina,  Mount  Sterling,  Plain  City.  I  will  speak  briefly  of  the  sup- 
plies that  several  of  these  towns  have  secured. 

DELPHOS. 

This  town  has  imt  in  a  plant  at  public  expense  during  the  last  two 
years,  expending  $70,000  up  to  the  present  time.  A  location  was 
selected  in  the  valley  1  mile  south  of  the  town.  At  this  point  only  16 
feet  of  drift  covered  the  limestone  floor.  Indeed,  there  is  but  a  thin 
covering  of  the  glacial  deposits  in  all  the  immediate  region,  as  has  been 
established  by  the  numerous  wells  that  have  been  drilled  here  within 
the  last  few  years.  The  ordinary  drift- water  wells  of  the  region  are 
but  15  to  18  feet  deep,  but  the  drilled  wells  of  later  years  have  been 
carried  down  from  60  to  80  feet  deep,  or  from  40  to  60  feet  into  the 
rock,  and  great  improvement  in  the  water  supply  has  resulted. 

At  the  lumping  station  established  by  the  city  a  receiving  well  was 
dug  40  feet  in  diameter  and  38  feet  deep.  This  is  made  a  common  res- 
ervoir for  a  series  of  seven  wells,  which  are  set  in  some  instances  within 
50  feet  of  each  other.  The  wells  are  all  8  inches  in  diameter  and  all  are 
300  feet  deep.  There  was  no  particular  vein  of  water  found,  but  addi- 
tions were  made  all  the  way  down,  and  at  the  depth  where  the  drill  was 
stopped  a  test  of  the  first  well  showed  a  volume  large  enough  to  meet 
the  requirements  of  the  town.  It  has  not  been  demonstrated  that  the 
seven  wells  are  necessary,  and  it  is  x>ossible  that  one  would  do  the  work 
of  the  entire  series.  Certainly  they  are  all  intimately  connected,  as  the 
water  rises  and  falls  in  all  together.  Under  normal  conditions,  while  it 
does  not  flow,  it  comes  within  8  feet  of  the  surface.    Siphons  are  set  at 
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a  depth  of  25  feet,  opening  into  the  receiving  well,  and  are  so  adjusted 
as  to  charge  themselves.  In  one  of  the  wells  an  air  lift  is  located  at 
125  feet  below  the  surface,  and  it  is  found  to  work  with  great  advan- 
tage on  the  entire  supply.  The  depth  to  which  the  wells  were  drilled 
rendered  it  inevitable  that  their  supply  would  be  more  or  less  contam- 
inated with  sulphureted  hydrogen.  This  substance  works  against  the 
good  name  of  the  water  that  carries  it,  and  the  village  supi)ly  at  first 
suffered  some  disadvantages  from  this  source,  but  by  the  aeration  of 
the  water  the  odor  of  the  gas  is  entirely  removed.  The  compressed  air 
of  the  air  lift  is  also  turned  into  the  reservoir  for  a  few  minutes  each 
day  with  satisfactory  results. 

Water  was  found  m  the  first  well  at  a  depth  of  150  feet  in  such 
quantity  that  the  authorities  in  charge  proposed  at  first  to  arrest  the 
work  at  this  i)oint,  but  a  sample  was  submitted  to  the  State  board  of 
health  for  analysis.  While  the  water  was  not  condemned  it  was  criti- 
cised as  exceptionally  hard.  According  to  the  analysis  the  total  solids 
amounted  to  73  grains  to  the  gallon,  of  which  about  one-fifth  was  com- 
posed of  sulphates  of  lime  and  magnesia.  Most  of  the  public  water 
supplies  are  now  known  to  exceed  these  figures,  but  under  the  influ- 
ence of  the  warning  the  trustees  proceeded  to  sink  their  well  deeper, 
and  at  a  depth  of  300  feet  obtained  a  new  supply,  which  was  counted 
by  the  people  of  the  town  '^soft"  in  comparison  with  the  earlier  supply. 
An  analysis  recently  made  for  the  State  board  of  health  by  Prof.  i^".  W. 
Lord  gives  the  following  result: 

Analysis  of  water  from  well  at  DelpJios,  Ohio, 


ConstitueBt. 


Potassium  sulphate .  .. 

Sodium  sulphate..  

Sodium  chloride  ....... 

Calcium  carbonate . . . . 

Calcium  sulphate  

Magnesium  carbonate 

Iron  oxide  

Alumina  

Silica  and  silicates  

Total  solids  .. . . 


If  the  analyses  fairly  represent  the  two  grades  of  water,  the  grounds 
of  the  preference  that  is  expressed  by  the  people  of  the  village  are 
obvious  and  justifiable.  But  it  is  hard  to  understand  how  a  lower  vein 
of  water  in  the  same  limestone  stratum  can  carry  less  mineral  matter 


Grains  per 
gallon . 


0.  56 
2.  22 
1.98 
12.  65 
4. 53 
9.  37 
0. 11 
0. 13 
1.18 

32.  73 
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than  the  higher.  The  two  analyses  quoted  show  iti  the  300-foot  supply 
less  than  half  the  total  solids  found  in  the  150-foot  level. 

The  maximum  production  of  the  system  thus  far  has  been  250,000 
gallons  per  diem,  but  a  steadily  increasing  use  is  sure  to  follow  the 
introduction  of  the  new  supply. 

LIMA. 

The  water-supply  plant  of  Lima  is  owned  and  controlled  by  the  city. 
The  work  was  begun  with  the  construction  of  a  reservoir,  formed  by 
ponding  a  small  stream  which  flowed  a  mile  east  of  the  town,  but  tliis 
scheme  proved  a  failure  in  every  respect.  The  water  obtained  was 
unsatisfactory  in  quality,  and  in  time  of  drought  a  failure  in  quautity 
was  experienced  which  was  fatal.  This  result  led  to  a  search  for  a 
supply  in  the  underlying  strata,  the  storage  quality  of  which  had  been 
abundantly  demonstrated  during  the  last  dozen  years  in  the  scores  and 
hundreds  of  oil  wells  that  had  been  drilled  in  the  region.  In  numerous 
wells  large  flows  of  water  had  been  found  in  the  upper  limestone. 
The  city  turned  to  the  use  of  these  deep  waters  in  1894.  Six  wells, 
located  near  the  earlier  plant,  were  drilled  at  this  time  and  were  from 
118  to  180  feet  in  depth.  The  waters  seem  to  be  derived  from  two  prin- 
cipal horizons,  one  located  at  117  feet  below  the  surface,  and  the  other 
170  below.  The  drift  cover  is  shallow  in  the  entire  region,  8  to  20  feet 
covering  most  of  the  sections.  The  wells  were  drilled  8  inches  in 
diameter,  and  all  of  them  flow  naturally.  The  strongest  of  the  group 
is  an  abandoned  oil  well,  bought  by  the  city  in  the  drought  of  1895. 
Since  that  time  it  has  rendered  material  service  to  the  waterworks. 
This  well  obtained  its  supply  from  a  depth  of  117  feet. 

Another  fine  water  vein  was  struck  at  the  depth  named  above,  on  the 
Fetter  farm,  one-half  mile  east  of  the  city  well,  and  again  in  a  third  well 
one-half  mile  farther  east.  That  these  wells  are  directly  connected  was 
proved  by  the  fact  that  the  city  i^umps  when  in  operation  had  an  effect  on 
both,  cutting  off  their  artesian  flow  entirely.  The  steadiest  and  severest 
pumping  never  lowers  the  head  more  than  15  feet,  and  when  the  pumps 
are  stopped  only  a  few  seconds  are  required  for  the  wells  to  regain 
their  head.  The  maximum  production  was  found  on  a  special  test  to 
be  1,500,000  gallons  per  diem,  and  it  seems  as  if  this  production  could 
be  maintained. 

As  already  noted,  however,  the  rock  water  supply  was  preceded  by 
a  surface  supply  of  unsatisfactory  water.  The  old  system  was  not 
abandoned  on  the  introduction  of  the  new,  but  the  two  are  united,  and 
consequently  affect  each  other  more  or  less.  The  reservoir  water  is 
preferred  by  all  who  use  water  for  steam  production,  on  account  of  the 
excessive  hardness  of  the  rock  water.  By  an  analysis  made  for  the 
State  board  of  health  at  the  introduction  of  the  rock  water  the  total 
solids  were  found  to  reach  the  unusual  figure  of  112.8  grains  to  the 
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gallon.  By  a  later  analysis,  also  made  for  the  State  board  of  health, 
the  total  solids  reached  a  still  higher  figure,  viz,  125.525  grains  to  the 
gallon.    The  results  of  the  last  analysis  are  given  below: 

Analysis  of  water  from  well  at  Lima,  Ohio. 


Constituent. 


Calcium  sulphate  

Calcium  cnrbouate  . 
Magnesium  carbonate 
Sodium  chloride  

Total  solids  


The  unwillingness  of  those  using  steam  to  introduce  water  of  this 
character  into  their  boilers  can  be  well  understood,  but  the  objections 
on  hygienic  grounds  are  not  so  strong  as  might  appear  from  the  record. 
There  is  but  slight  probability,  for  example,  that  the  large  percentage 
of  common  salt  reported  is  derived  from  organic  iDollution.  The  i^res- 
ence  of  salt  in  most  of  our  deeper  rock  waters  is  well  known. 

While  the  character  of  the  water  for  steam  production  is  somewhat 
improved  by  the  largest  possible  i^roportion  of  surface  or  reservoir 
water,  the  domestic  use  is  undoubtedly  rendered  less  satisfactory  by 
such  admixture.  The  open  reservoir  allows  a  much  freer  development 
of  minute  forms  of  animal  and  vegetable  life  than  are  present  in  the 
city  supply.  This  fact  militates  to  some  extent  against  the  good  repute 
of  the  water. 

KENTON. 

This  town  has  made  exclusive  use  of  rock  water  from  the  first.  The 
plant  was  originally  put  in  by  a  private  company,  but  the  village  cor- 
poration retained  the  right  to  purchase,  and  a  few  years  ago  exercised 
this  right,  paying  $60,000  for  the  plant  at  that  time.  It  has  since 
expended  a  considerable  amount  upon  the  works. 

The  town  is  in  the  region  of  shallow  drift  already  described.  The 
deposits  of  the  glacial  period  do  not,  as  a  rule,  exceed  10  to  30  feet. 
The  rock  nearest  the  surface  at  the  waterworks  station  is  the  peculiar 
type  of  the  Onondaga  limestone  called  by  Prof.  N.  W.  Winch  ell  the 
Tymochtee  shale.  It  is  here  thin  bedded  but  scarcely  shaly  in  struc- 
ture. It  is  dark  blue  in  color  and  carries  many  black  films  on  the  sur- 
faces of  the  several  layers,  l^o  fossils  are  apparent  in  this  division. 
No  other  exhibition  of  precisely  this  ciiaracter  of  rock  has  been  reported 
in  the  numerous  wells  drilled  in  the  region  for  oil,  gas,  or  water  during 
the  last  ten  years.    It  proves  troublesome  to  the  driller. 

An  excellent  opportunity  to  study  the  formation  is  afforded  in  the 
large  well  at  the  pumping  station.    The  excavation  is  100  feet  or  more 


Grains  per 
gallon. 


49. 446 
40. 100 
35. 748 
.231 

125.  525 
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ill  diameter  at  the  surface  and  is  carried  vertically  down  for  25  to  30 
feet;  then,  in  the  southern  half  of  the  pit,  the  rock  was  farther  taken 
out  to  a  depth  of  25  or  30  feet  additional.  Within  the  deepest  area 
three  wells  were  drilled,  these  being  added  to  ten  others  in  the  same 
immediate  neighborhood,  all  located  in  the  valley  of  the  Scioto  Kiver, 
which  is  but  a  small  and  insignificant  stream  at  this  jdace.  All  the 
wells  found  water  at  about  325  feet  below  the  natural  surface.  The 
water  appears  in  a  fairly  strong  vein  and  is  cold  and  clear,  and  the 
supply  is  perfectly  steady.  There  is  nothing  to  hint  at  any  close 
connection  of  the  water  vein  with  rainfall,  for  in  times  of  severest 
drought  just  as  much  water  can  be  pumped  as  at  other  seasons.  The 
average  production  of  450,000  gallons  per  diem  is  a  little  in  excess  of 
the  producing  power  of  the  wells  j  at  least,  the  pumps  are  obliged  to 
labor  constantly  night  and  day  to  keep  up  the  supply,  and  when,  for 
any  reason,  the  draft  is  temporarily  reduced,  the  water  is  found  forth- 
with at  a  higher  level  in  the  well. 

To  reinforce  the  supply,  the  present  trustees  have  made  trial  of  a  field 
1 J  miles  south  of  the  court-house,  at  the  Calhoun  farm,  on  Taylor  Creek. 
During  the  last  year  a  well  was  drilled  there  to  the  horizon  upon 
which  the  city  wells  depend,  and  a  notable  supply  was  found  available, 
which  the  city  engineer  counted  good  for  600,000  gallons  per  diem,  but 
the  voters  of  the  town  have  refused  to  furnish  the  funds  necessary  for 
bringing  in  the  new  supply.  It  is,  however,  a  great  thing  to  know  that 
such  an  addition  can  be  made  to  the  system  whenever  the  necessity 
becomes  urgent.  The  Calhoun  well  is  artesian,  flowing  with  a  small 
supply  from  the  top  of  the  i^ipe. 

A  remarkable  flow  of  excellent  water  was  struck  in  explorations 
made  for  gas  on  the  McYitty  farm,  3J  miles  northeast  of  the  Calhoun 
well.  This  well  was  begun  on  outcropping  Niagara  limestone,  and 
draws  its  water  entirely  from  this  formation.  It  still  continues  to  be  a 
vigorous  fountain,  and  the  flowing  water  finds  its  way  to  streams  that 
supply  Findlay.  A  recent  analysis  made  for  the  State  board  of  health 
by  Prof.  C.  C.  Howard  gives  the  following  results: 


Analysis  of  water  from  well  on  the  McVittij  farm,  near  Kenton,  Ohio. 


Constituent. 

Grains  per 
gallon. 

Calcium  sulphate  

76.97 

Calcium  carbouate  

10.  29 

18.83 

Sodium  chloride   

.27 

Total  solids  

106.  35 
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UPPER  SANDUSKY. 

This  towQ  is  supplied  with  water  by  a  private  company,  made  up 
mainly  of  nouresident  capitalists.  The  waterworks  were  established 
in  1889.  Water  is  taken  from  the  Sandusky  Eiver,  and  from  a  shal- 
low well  dug  into  the  rock  by  the  side  of  the  river  not  more  than  50 
feet  distant  from  it.  The  well,  however,  receives  its  supply  from  the 
landward  side,  through  what  are  termed  "horizontal  crevices." 
Though  coming  apparently  from  the  land,  the  water  may,  of  course,  have 
been  derived  from  the  river  at  a  higher  elevation  in  its  course.  The 
well  is  85  feet  in  diameter  at  the  top,  70  feet  at  the  bottom,  and  17  feet 
3  inches  in  depth,  the  lowest  3  feet  only  being  in  limestone.  It  is 
about  05  feet  below  the  public  square.  No  water  is  derived  from  the 
drift  deposits  which  cover  the  limestone  at  this  point.  The  drift  of  the 
valley  generally  consists  of  a  foot  or  two  of  blue  or  drab  clay,  below 
which  is  ordinarily  found  a  mass  of  cemented  clay  that  seems  thoroughly 
impervious  to  water.  When  first  dug  the  well  was  tested  and  its  daily 
production  was  found  to  be  500,000  gallons.  Suli)hur  water  is  so  com- 
mon in  all  this  region  that  the  company  feared  to  go  lower,  owing  to  the 
danger  of  striking  a  strongly  impregnated  vein.  Before  resorting  to  this 
shallow  supx)ly,  two  wells  were  sunk  in  the  rock,  one  to  a  depth  of  28 
feet  and  the  other  to  a  depth  of  80  feet.  Water  was  found  in  abundance 
in  both,  but  both  supplies  were  rejected  because  of  the  large  amount 
of  sulphureted  hydrogen  present.  Mr.  John  Henderson,  superintend- 
ent of  the  works,  thinks  that  the  production  of  the  present  well  has 
increased  by  50  -per  cent  since  it  was  first  sunk.  Such  a  result  is  not 
in  itself  improbable. 

Part  of  the  water  pumped,  as  already  stated,  is  from  the  river  direct, 
and  there  is  ao  way  api)arent  of  determining  the  proportions  that  these 
two  sources  contribute  to  the  inimps.  The  river  water  is  naturally 
well  stocked  with  microscopic  life  during  the  summer  months,  and  also 
with  small  fish  and  the  lower  forms  of  vegetation  which  abound  in 
such  running  waters.  Strainers  and  filters  are  brought  into  requisition, 
so  that  comparatively  little  trouble  results  from  this  source. 

Though  sulphureted  hydrogen  is  not  found  in  the  water  supply,  the 
results  of  analysis  show  very  clearly  that  it  has  been  there  and  that 
its  sulphur  has  been  converted  by  oxidation  into  sulphuric  acid.  A 
recent  analysis  by  Prof.  0.  C.  Howard,  for  the  State  board  of  health, 
shows  the  mineral  composition  indicated  below: 


Analysis  of  water  from  well  at  Upper  Sanduslij,  Ohio. 


Constituent. 

Grains  per 
gallon. 

Calcium  sulphate  

170. 880 

Calcium  carbonate  

.691 

Ma^^nesium  carbonate  

24. 576 

Sodium  chloride  

.138 
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Tnese  figures  show  that  the  lime,  which  undoubtedly  entered  the 
water  principally  as  bicarbonate,  has  been  almost  entirely  converted 
into  sulphate.  While  calcium  sulphate  is  not  unusual  in  the  Onondaga 
limestone,  it  does  not  seem  probable  that  the  water  obtained  any  large 
proportion  of  the  sulphate  which  it  carries  by  the  direct  solution  of 
this  substance.  An  easier  explanation  of  its  presence  is  at  hand,  as 
already  indicated.  The  figures  of  the  analysis  demonstrate  this  view. 
They  show  an  extraordinary  amount  of  calcium  sulphate,  with  an 
insignificant  quantity  of  calcium  carbonate,  which  latter  element  we 
know  can  never  be  absent  from  atmospheric  water  traversing  limestone 
rocks. 

The  percentage  of  calcium  sulphate  is  the  highest  yet  reported  from 
the  potable  waters  of  Ohio. 


The  water  supply  of  this  town  is  also  under  control  of  a  private  cor- 
poration, which  began  its  work  in  1889.  Its  first  well  was  located  in 
Olentangy  Valley,  about  2  miles  northeast  of  the  town.  The  well  was 
36  feet  in  diameter  and  also  36  feet  in  depth.  The  deposit  through 
which  it  passed  was  called  black  gravel,'^  the  color  being  due  to  the 
abundant  fragments  of  black  shale  distributed  among  the  ordinary 
limestone  pebbles  of  the  drift. 

This  well  furnished,  when  first  struck,  a  good  supply,  but  when 
summer  droughts  came  on  its  volume  was  reduced  below  the  limit  of 
safety.  After  an  experience  of  several  years  the  company  determined 
to  make  trial  of  the  rock  in  the  immediate  neighborhood  of  the  well. 
Oapt.  G.  W.  Wiles,  the  superintendent,  was  led  to  expect  success  by 
the  occurrence  of  a  spring  emerging  from  the  rock  in  a  small  island 
in  the  river.  Seeing  water  thus  issuing  from  the  rock,  Captain  Wiles 
was  led  to  believe  that  the  use  of  the  drill  would  not  be  unavailing. 
The  severe  drought  of  1895  had  made  some  increase  indispensable  to 
the  maintenance  of  the  city  supply,  and  drilling  was  therefore  under- 
taken in  the  spring  of  1896.  The  location  of  the  well  is  near  the  plant 
already  established.    The  section  found  in  the  descent  is  as  follows : 


DELAWARE. 


Section  of  well  at  Delaware,  Ohio. 


Feet. 


Soil 


6 

10 

4 

60 
70 

4 
10 
10 

6 
15 


Gravel,  mainly  coarse  . . . 

Gravel  and  sand  

White  limestone  

'Mirown  sandstone"  

]>lne  limestone  

''White  sandstone"  

Limestone  

Soapstone  "  

Limestone,  light  in  color 
Shale,  hlack  
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This  series  may  be  geologically  distributed  as  follows : 


Drift  

Corniferons  limestone  (Devonian) 
Onondaga  limestone  (Silurian) . . . 


Feet. 

20 
.  60 
.  175 


Water  was  found  all  the  way  down.  It  began  to  rise  under  artesian 
pressure  as  soon  as  the  limestone  was  penetrated.  By  the  time  the 
drill  was  45  feet  down  the  water  had  risen  to  35  feet  in  the  well.  Xo 
important  additions  were  made  after  a  depth  of  225  feet  was  reached; 
but  as  the  driller's  apparatus  was  prepared  to  sink  to  250  feet  the  work 
was  continued  to  that  point,  and  even  5  feet  below.  A  shale  as  black 
as  the  darkest  of  the  Ohio  shale  was  found  at  this  i)oint,  and  this 
would  by  itself  have  led  to  the  suspension  of  the  drilling,  irrespective 
of  the  necessity  imposed  by  the  length  of  the  cable.  The  so-called 
'^sandstone"  of  the  Onondaga  column  proved  on  examination  to  be, 
as  might  have  been  expected,  magnesian  limestones.  The  water  is 
artesian,  but  the  head  is  not  more  than  3  feet,  and  the  flow  is  corre- 
si>ondiiigly  feeble.  On  the  application  of  proper  tests  the  well  was 
counted  good  for  60,000  gallons  per  diem.  During  the  drought  of 
October,  1897,  the  addition  from  this  source  to  the  drift  well  supply 
was  timely  and  effective.  The  production  of  the  well  has  been  greatly 
increased  by  putting  in  an  air  lift  at  a  depth  of  140  feet,  the  air  being 
under  a  i^ressure  of  45  pounds.  It  increases  the  yield  of  the  well  so 
much  that  the  pump  easily  outruns  its  capacity.  After  two  hours' 
work  of  the  i)umps,  an  hour's  interval  is  required  for  the  well  to  recover 
its  normal  sui^ply. 

The  daily  average  of  production  of  rock  and  drift  water  combined  for 
the  month  of  November,  1897,  was  277,600  gallons.  The  maximum 
monthly  average  for  last  year  was  368,945  gallons. 

The  mineral  constitution  of  the  water  is  shown  in  the  following  analy- 
sis, made  for  the  State  board  of  health  by  Prof.      W.  Lord  : 


Analysis  of  water  from  well  at  Delaware,  Ohio. 


Constituent. 


Grains  per 
gallon. 


Sodium  sulphate  . . 
Potassium  sulphate 
Calcium  sulphate. . 
Calcium  carbonate  . 


11.00 


17.  00 


0. 44 


1.58 


Magnesium  carbonate 

Sodium  chloride  

Silica  and  silicates... 


11.75 


0.  22 


1. 11 


Total  solids 


43.  47 


The  water  is  used  in  considerable  quantity  by  the  railroads  and  by  the 
electric-light  company.    No  unusual  comi)]aint  has  been  made  against 
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it  on  the  ground  of  hardness.  It  is  said  that  tbe  rock  water  does  not 
appear  to  be  more  objectionable  than  the  drift  water,  but  perhaps  exclu- 
sive use  of  the  former  would  bring  ground  of  complaint. 

MARYSVILLE. 

Marysville  is  another  town  making  use  of  water  from  the  Onondaga 
limestone  for  its  genei  al  supx^ly,  which  is  furnished  by  a  private  com- 
pany, of  which  John  F.  Zwerner  is  president  and  manager.  The  com- 
pany began  its  work  about  1890.  The  fact  that  underground  water  was 
available  to  the  town  had  been  demonstrated  by  the  Marysville  Gas  and 
Oil  Company,  organized  to  test  the  Trenton  limestone  in  the  immediate 
vicinity.  The  well  was  a  failure  as  to  the  purpose  for  which  it  was 
undertaken,  but  an  abundant  supply  of  water  was  found  all  through 
the  upper  limestones.  At  145  feet  a  strong  vein  was  reached,  and  at 
375  feet  a  vein  highly  impregnated  with  salt  and  sulphur  was  struck. 
All  of  this  water  was  under  artesian  pressure.  The  vein  last  named 
was  forthwith  utilized  by  the  building  of  a  bath  house  near  the  well, 
and  this  is  still  maintained.  The  salt  and  sulphur  water  is  not  abun- 
dant enough  to  meet  all  the  demands  of  the  establishment.  It  is  prob- 
able, if  there  were  enough  of  this  water,  that  it  would  gain  a  reputation 
as  a  medicinal  agent  in  certain  forms  of  disease.  It  is  quite  similar  in 
composition  to  that  of  Mount  Clemens,  Michigan,  which  has  become  an 
important  health  resort. 

The  water  company  began  its  operatiofi  by  drilling  four  wells  in  the 
drift  in  the  valley,  east  of  the  court  house.  They  found  water  enough 
and  proceeded  to  supply  the  town,  but  after  several  years'  use  it  was 
found  to  be  more  or  less  impregnated  with  iron  and  perhaps  to  some 
extent  with  the  sulphurous  products  previously  unlocked  by  the  so- 
called  gas  well.  During  the  present  year  this  tirst  supply  has  been 
abandoned  and  the  entire  plant  has  been  made  to  depend  on  a  water 
vein  reached  in  the  rock  at  a  depth  of  148  feet  below  the  surface,  imme- 
diately adjoining  the  city  wells.  The  drift  was  88  feet,  and  at  a  depth 
of  CO  feet  in  the  limestone  the  drill  droi)ped  3  feet,  having  struck  one 
of  the  chambers  already  alluded  to,  wliich  stand  for  pre-Glacial  weath- 
ering and  erosion,  eftected  when  this  portion  of  the  State  was  at  a 
higher  altitude.  The  water  was  found  in  a  dark  blue  limestone,  which 
is  characteristic  of  the  Onondaga  series. 

The  water  vein  found  at  this  point  proved  to  be  exceptionally  vigor- 
ous. It  rose  to  within  8  feet  of  the  surface,  and  a  test  of  its  capacity, 
made  at  the  time  it  was  finished,  showed  a  production  of  1,200,000  gal- 
lons in  ten  hours'  time.  The  entire  supply  of  the  town  has  since  been 
drawn  from  this  source,  the  average  daily  production  ranging  between 
500,000  and  800,000  gallons.  The  discovery  is  one  of  vital  importance 
to  Marysville  and  to  the  entire  neighboring  district. 

An  analysis  of  the  Marysville  water  made  by  Prof.  N.  W.  Lord  is 
herewith  appended.    It  is  furnished  by  the  State  board  of  health. 
19  GEOL,  PT  4  43 
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Analysis  of  water  from  wells  at  Mari/sville,  Ohio. 


Constituent. 


Grains  per 
gallon. 


Potassium  sulphate 


0.  62 


Sodium  sulphate 
Calcium  sulphate 


43. 07 


6.  45 


Magnesium  carbonate 
Magnesium  sulphate  . 


16.  78 


5. 29 


Sodium  chloride  . . 
Alumina  and  iron. 
Silica  and  silicates 


0.  40 


1.63 


1.65 


Total  solids 


75.89 


Of  the  total  solids  it  will  be  observed  that  55.48  grains,  or  uearly 
five-sevenths,  are  sulphates,  but  about  an  eighth  of  these  are  alkaline 
and  reduce  somewhat  the  hardness  of  the  water. 


The  principal  water  supply  of  Marion  is  furnished  by  a  private  com- 
l)any,  organized  in  1890  under  the  laws  of  New  Jersey,  by  capitalists 
of  that  State.  Thus  far,  it  has  drawn  the  water  it  supplies  to  the  town 
mainly  from  several  drift  wells,  connected  with  a  shallow  reservoir, 
but  in  addition  it  has  drilled  five  wells,  each  10  inches  in  diameter  and 
200  feet  deep.  These  wells  reached  the  rock  at  a  depth  of  55  to  GO 
feet;  but  in  the  immediate  neighborhood  there  are  many  thinner  sec- 
tions of  drift  reported.  Some  do  not  exceed  10  feet.  Water  was  found 
all  the  way  down,  and  a  considerable  production  is  promised;  but  the 
rock  wells  are  counted  as  merely  auxiliary  to  the  reservoir  system,  and 
have  not  been  fully  incorporated  in  the  plant.  Mineral  analyses  of  the 
water  of  the  reservoir  and  the  wells  seem  to  show  but  little  excess  of 
total  solids  in  the  rock  water  above  that  of  the  reservoir.  The  figures 
apparently  indicate  a  considerable  amount  of  sulphates  in  both.  The 
drift  water  is  not  thoroughly  satisfactory  to  the  company  nor  to  its 
patrons,  chiefly  because  of  the  large  percentage  of  organic  matter 
derived  from  the  growth  of  fresh-water  algae  in  the  reservoir,  and  it  is 
probable  that  Marion  will  be  obliged  to  follow  the  example  of  most  of  its 
neighbors  and  depend  largely  or  entirely  on  the  rock  supply. 

The  heavy  pumping  of  the  drift  wells  for  the  city  line  has  exhausted 
many  of  the  farmers'  wells  in  the  neighborhood.  The  latter  are,  as  a 
rule,  shallow,  ranging  in  depth  from  10  to  20  feet. 


This  town  furnishes  another  excellent  example  of  missing  the  direct 
object  of  its  search  and  of  finding  instead  what  is  worth  infinitely  more. 
It  sought  for  Findlay  gas  or  Lima  oil  in  the  Trenton  limestone,  and 


MARION. 


BELLEFONTAINE. 
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would  have  counted  itself  supremely  fortunate  if  it  had  found  either. 
If  it  had  been  successful  a  short-lived  excitement  would  probably  have 
resulted,  giving  rise  to  great  expectations  impossible  of  realization,  and 
accompanied  by  an  extravagant  advance  in  the  i)rice  of  real  estate. 
After  a  few  years  the  gas  would  have  been  exhausted,  the  factories 
established  on  it  would  have  been  dismantled,  and  the  fictitious  values 
of  real  estate  would  have  gone  through  a  painful  readjustment.  Thus 
tiie  entire  community  would  have  slowly  rec(>vered  from  the  effects  of 
the  speculative  debauch  called  a  "boom."  If  oil  had  been  found  the 
experience  of  the  town  would  have  been  less  unfavorable,  but  in  any 
case  this  underground  wealth  would  soon  have  been  exhausted  without 
necessarily  leaving  any  great  permanent  advantage  to  the  town. 

All  this  Bellefontaine  missed,  but  found  instead  an  invaluable  sup- 
ply of  pure  water,  unnoticed  at  the  time,  and  forced  upon  its  atten- 
tion only  by  the  failure  of  other  sources  of  water  supply,  but  bound  to 
continue,  now  that  it  is  discovered,  through  generations  and  centuries, 
and,  indeed,  as  long  as  the  general  conditions  of  the  Mississippi  Valley 
remain  essentially  undisturbed. 

In  1886  while  drilling  the  trial  well  for  gas,  known  as  the  Carter 
well  from  the  name  of  the  owner  of  the  lot  on  which  it  was  located,  the 
drift  deposits  were  found  to  be  about  80  feet  thick.  At  160  feet  a  great 
volume  of  delightfully  cool  and  clear  water  was  struck,  which  carried, 
however,  a  small  quantity  of  sulphureted  hydrogen.  It  rose  with  great 
force  and  showed  a  head  of  i^ressure  of  at  least  12  feet  above  the  sur- 
face. The  water  was  allowed  to  flow  unobstructed  for  several  months. 
An  examination  of  the  record  of  the  well  shows  that  the  water  was 
found  in  the  Onondaga  limestone,  the  great  stratum  in  which  so  much 
of  the  water  supply  of  central  Ohio  is  now  being  found. 

The  town  had  recognized  the  necessity  of  a  public  supply  some  years 
before  this  discovery  was  made.  In  1883  work  was  begun  under  a 
board  of  trustees  elected  for  this  purj^ose.  They  called  to  their  aid  a 
hydraulic  engineer  from  northern  Ohio.  Under  his  advice  their  first 
reliance  for  a  supply  was  on  springs  rising  in  the  high  ground  to  the 
eastward,  and  also  on  impounded  water  from  a  small  stream  which 
flowed  through  the  town,  also  from  the  eastward.  A  reservoir  was  con- 
structed and  the  town  was  piped.  The  pressure  from  the  reservoir 
was  90  i)()unds  to  the  square  inch  at  the  public  square,  and,  so  far  as 
this  element  is  concerned,  it  furnished  ample  protection  against  fire  for 
the  highest  buildings  of  the  town.  But  the  supply  i)roved  far  from 
satisfactory.  It  was  inade(iuate  much  of  the  time,  and- in  summer  what 
there  was  of  it  was  warm  and  oflensive  to  both  taste  and  smell.  In 
short,  the  works  proved  a  failure  both  as  to  quantity  and  quality. 
Consequently  tlie  sight  of  such  a  noble  fountain  from  the  underlying 
rocks  as  the  so-called  gas  well  yielded  was  highly  appreciated,  and 
the  attempt  was  at  once  made  by  the  waterworks  trustees  to  reach 
the  same  source  by  drilling  on  the  high  ground  near  the  reservoir 
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to  tlie  horizon  struck  in  the  well.  This  well  was  carried  down  325 
feet,  but  water  was  not  found  in  important  amount.  The  pressure  of  a 
snmmer  drought  was  upon  the  board,  and  the  decision  was  soon  reached 
to  come  down  to  the  source  of  rock  water  already  described.  The  gas 
well,  so-called,  was  purchased  by  the  trustees  and  a  i)umping  station 
was  established.  A  second  well  was  drilled  forthwith  to  a  depth  of 
160  feet.  The  water  vein  struck  in  the  first  well  was  found  also  in  the 
second,  which  was  distant  but  50  feet  from  the  first.  Analysis  of  the 
water  was  made  in  June,  1888,  by  Prof.  0.  C.  Howard,  of  Columbus, 
giving  the  following  results  : 


Analysis  of  water  from  well  at  Bellefontaine,  Ohio. 


Constituent. 

Grains  per 
gallon. 

Carbonate  of  lime  

8.  33 

Sulphate  of  lime  

3.  62 

Carbonate  of  magnesia  

5. 19 

Sulphate  of  alumina  

2.92 

Chloride  of  sodium  

.42 

Total  so'ids  

20.  48 

Professor  •  Howard  called  attention  to  the  low  proportion  of  calcium 
salts  in  this  water.  The  water  was  not  so  hard  as  most  rock  water,  or 
even  as  much  drift  water.  He  also  noted  that  the  sulphates  would 
protect  from  corrosion  the  lead  pipes  which  carried  it. 

A  second  analysis  was  made  by  the  same  chemist  during  the  present 
year  for  the  State  board  of  health,  with  the  following  results: 


Analysis  of  ^vater  from  well  at  Bellefontaine,  Ohio. 


Constitueni . 

Grains  per 
gallon. 

Carbonate  of  lime  

20.  44 

Carbonate  of  magnesia  

3.56 

Sulphate  of  lime  

3.  82 

Sulphate  of  alumina  

0.  00 

Chloride  of  sodium  

0.015 

Total  solids  

27.84 

The  figures  do  not  agree  in  all  respects  with  those  first  obtained. 
The  calcium  salts  are  still  low  for  rock  water  from  this  horizon,  but 
they  are  150  per  cent  higher  than  the  i)roportions  reported  in  the  first 
analysis.  The  sulphates  agree  approximately  in  both  analyses.  The 
proportions  of  magnesium  carbonate  differ  largely,  and  no  sulphate  of 
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alumina  is  reported  in  the  last  result,  while  nearly  3  per  cent  is  found 
in  the  first.  This  substance  is  very  rarely  reported  in  Ohio  waters, 
and,  all  things  considered,  it  seems  probable  that  some  change  has 
taken  place  in  this  rock  water,  owing  to  the  circulation  given  to  it 
through  the  action  of  the  pumps.  Common  salt  is  only  one  third  as 
much  in  the  last  analysis  as  in  the  first. 

The  present  supply  has  seemed  to  meet  fully  all  hygienic  demands. 
Typhoid  fever  and  diphtheria  were  formerly  of  frequent  occurrence  in 
the  town,  but  have  entirely  disappeared,  and  in  other  respects  the  new 
water  supj^ly  has  fully  approved  itself. 

The  pumping  capacity  of  the  two  wells  is  1,500,000  gallons  per  diem, 
and  a  daily  average  of  about  1,000,000  gallons  is  furnished  at  the 
present  time.  The  railroads  passing  through  Bellefontaine  make  large 
use  of  the  city  water.  In  Sei^tember  last  the  Cleveland,  Columbus, 
Cincinnati,  and  Indianai^olis  lines  used  5,000,000  gallons. 

TOLEDO. 

This  city  also  comes  into  the  present  list  from  the  fact  that  it  has 
numerous  artesian  wells  that  obtain  their  water  from  the  great  lime- 
stone series  that  underlies  it.  These  wells  range  in  depth  from  175  to 
400  feet.  At  the  present  time  the  new  ones  that  are  drilled  are  gen- 
erally carried  from  250  to  325  feet.  The  earliest  wells  obtained  flowing 
water  at  175  feet,  but  the  supply  is  not  abundant.  A  6-inch  well,  yield- 
ing 20,000  to  30,000  gallons  per  diem,  is  counted  a  successful  well,  and 
sometimes  the  production  does  not  exceed  1,000  gallons.  Since  their 
multiplication,  the  wells  have  ceased  to  flow,  but  the  water  still  rises 
about  100  feet  from  the  horizon  where  it  is  found. 

If  the  views  already  advanced  as  to  the  mode  of  storage  of  water  in 
these  limestone  strata  are  correct,  it  would  appear  that  during  its  pre- 
Glacial  history  northern  Ohio  stood  at  least  300  to  400  feet  higher  than 
now.  The  action  of  the  atmosphere  could  have  then  taken  eflect  on 
the  joints  of  the  limestone  and  on  the  material  of  the  rock  itself,  which 
now  lies  far  below  any  present  possibilities  of  such  action,  for  the 
deposits  of  the  drift  within  the  boundaries  of  Toledo  are  usually  found 
to  be  about  80  feet  thick.  Many  other  facts,  harmonizing  well  with  the 
views  here  i)resented,  as  to  the  pre-Glacial  action  of  the  atmosphere  on 
limestone  rocks,  have  been  gathered  in  northern  Ohio. 

TIFFIN. 

This  city  has  secured  an  excellent  supply  of  rock  water  for  its  varied 
necessities,  unless  an  exception  should  be  made  in  the  matter  of  water 
for  boilers  or  steam  production.  Seven  wells  have  been  drilled,  each 
of  them  10  inches  in  diameter  and  averaging  260  feet  in  depth.  They 
are  located  in  the  valley  of  Sandusky  Kiver,  the  bed  of  which  consists 
of  bare  rock  for  several  miles  on  each  side  of  Tiffin.  It  is  possible 
that  a  greater  number  of  wells  have  been  drilled  than  is  absolutely 
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necessary  for  the  uses  to  which  they  are  put,  and  the  depth  of  the  wells 
may  be  greater  than  necessity  or  advantage  requires.  Perhaps  five 
wells  100  feet  deep  would  produce  as  much  water  as  the  entire  system 
now  sujiplies.  The  quality  of  the  water  would  certainly  not  be  inferior. 
The  wells  are  arranged  practically  in  line,  the  extremes  being  1,800  feet 
apart.  They  are  connected  together  and  the  ])umi)  draws  directly  from 
them.  The  average  demand  for  summer  water  is  at  present  about 
1,250,000  gallons  jyer  diem.  When  the  pumping  is  steadiest  the  level 
of  the  water  is  found  to  sink  in  all  the  wells  alike,  and  the  common 
origin  of  their  water  is  thus  shown. 

The  present  limit  of  depth  has  been  maintained  so  as  to  escape  the 
sulphur  water  that  would  certainly  be  reached  a  little  lower  in  the 
series.  All  the  facts  x)ertaining  to  this  underground  water  have  been 
thoroughly  learned  in  the  course  of  the  extended  search  for  gas  and 
oil  that  has  gone  forward  in  and  around  Tiffin  during  the  last  twenty 
years. 

Before  drilling  the  wells  in  the  rock,  the  waterworks  board  seriously 
considered  the  project  of  going  to  the  famous  Mohawk  Springs,  a  few 
miles  south  of  the  city,  for  its  supply,  but  measurement  showed  the 
daily  production  of  the  springs  to  be  but  500,000  gallons,  which  was 
altogether  inadequate  for  the  demand  even  at  that  time.  The  expense 
of  x)ii)ing  the  water  from  the  springs  would  have  been  heavy,  and  this 
was  also  considered  in  the  final  determination  of  the  question. 

No  analysis  of  the  city  water  was  obtained,  but  it  is  fair  to  consider 
it  of  the  usual  type  of  water  from  the  Onondaga  limestone,  i.  e.,  mod- 
erately or  excessively  high  in  sulphates  and  carbonates  of  lime  and 
magnesia. 

CLYDE. 

West  and  north  of  the  village  of  Clyde  artesian  wells  of  large  pro- 
duction have  been  known  for  a  number  of  years,  but  the  water  is 
generally  charged  with  sulphureted  hydrogen.  The  De  Witt  well,  IJ 
miles  west,  and  the  Durland  well,  4  miles  north  of  the  village,  are  good 
examples  of  this  class. 

The  village  has  spent  $40,000  in  the  last  few  years  in  putting  in  a 
public  water  plant.  It  began  with  drift  wells,  and  had  five  such  wells 
at  its  disposal,  when  it  began  its  public  distribution.  These  wells  are 
55  to  60  feet  in  depth.  A  large  reservoir  was  added,  15  feet  square 
and  45  feet  deep,  which  reached  a  water  vein,  and  from  which  the 
pumps  drew  their  supply.  The  water  in  the  wells  was  artesian,  their 
overflows  being  conducted  to  the  reservoir  above  named. 

In  these  drift  wells  a  hard  and  solid  stratum  was  found  at  the  bot- 
tom that  was  counted  rock  by  those  employed  in  sinking  the  wells,  but 
it  Las  proved  to  be  nothing  more  than  a  bed  of  cemented  sand  and 
gravel,  for  in  subsequent  work  the  drivepipe  was  forced  through  this 
stratum,  and  a  considerable  thickness  of  drift  was  found  below  it. 

The  experience  referred  to  in  the  preceding  statement  was  gained  in 
1896,  when  the  waterworks  trustees  determined  to  add  one  rock  well 
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to  the  seven  drift  wells  already  in  iise.  The  rock  well  was  carried 
dowu  230  feet,  the  last  10  feet  of  which  were  in  the  great  sheet  of 
Onondaga  limestone.  Water  was  found  at  the  top  of  this  stratum 
under  artesian  pressure,  the  water  rising  to  within  4  or  5  feet  of  the 
surface.  The  entire  public  supply  of  the  village  has  since  been  fur- 
nished by  this  well,  but  it  does  not  exceed  125,000  to  130,000  gallons 
per  diem.  The  drift  wells  draw  their  supply  from  a  common  source, 
as  is  proved  from  the  action  they  exert  on  each  other.  When  the 
reservoir  is  pumped  low  all  the  wells  that  supply  it  cease  flowing. 

The  water  from  the  shallow  wells  is  counted  harder  than  the  rock 
water,  but  as  no  analyses  are  at  hand  we  are  not  obliged  to  adopt  this 
opinion. 

BELLEVUE. 

This  village,  like  so  many  already  named,  obtains  its  water  supply 
from  the  Onondaga  limestone  series,  and  as  in  so  many  cases  already 
noted,  it  has  derived  its  experience  as  to  underground  water  from  its 
efforts  to  find  gas  or  oil  while  the  spell  of  Pittsburg  and  Findlay  were 
in  force  upon  the  entire  State. 

A  shallow  cover  of  lake  sand  and  gravel,  together  with  occasional 
patches  of  bowlder  clay,  constitute  the  surface  in  and  immediately 
around  Bellevue.  The  bedded  rock  is  easily  reached  at  many  points. 
Creech's  quarry,  one-half  mile  west  of  the  village,  has  been  worked  for 
a  long  term  of  years  and  on  a  large  scale.  The  quarry  shows  a  total 
thickness  of  50  feet.  The  strata  belong  high  up  in  the  great  formation 
with  which  we  are  now  concerned,  viz,  the  Onondaga  or  Lower  Helder- 
berg  limestone.  This  rock,  as  found  here,  is  exceedingly  permeable, 
through  causes  that  have  been  explained  in  the  preceding  discussions. 
In  particular  it  is  everywhere  traversed  by  two  sets  of  divisional  planes, 
locally  called  ''joints"  and  ''crevices."  Thelatter  of  these  are  described 
as  always  vertical,  while  the  '^ joints"  may  depart  to  some  extent  from 
the  perpendicular.  There  can  be  little  doubt  that  the  two  regular  sets 
of  joints  of  stratified  rocks  are  the  dividing  planes  in  this  case.  By 
reason  of  these  open  passageways,  communicating  freely  with  one 
another  by  a  thousand  connecting  channels,  Bellevue  and  its  immediate 
neighborhood  are  provided  with  a  very  effective  drainage  system.  All 
surface  water  is  promptly  carried  off  by  excavations  in  the  drift  to  the 
surface  of  the  rock.  The  need  of  sewers  has  never  been  experienced 
here.  It  is  also  known  that  a  strong  flow  of  water  sets  through  the 
limestone  toward  the  lake — that  is,  to  the  northward.  As  will  pres- 
ently be  shown,  the  village  avails  itself  of  this  flowing  water  for  a 
X)ublic  supi)ly,  consequently  it  protects  the  region  beneath  which  its 
water  supi)ly  passes.  The  artificial  sink  holes  above  referred  to  are 
allowed  by  the  council  only  to  the  north  of  the  districts  in  which  the 
waterworks  are  located. 

The  waterworks  board  of  the  village  drilled  their  first  well  within 
4  feet  of  the  abandoned  gas  well.  Water  was  found  in  large  volume 
at  185  feet,  but  it  was  so  strongly  impregnated  with  sulphureted 
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hydrogen  that  it  was  abandoned  as  unsatisfactory  for  public  use.  It 
was  tbouglit  at  the  time  tbat  tbe  contamination  came  from  gas  escap- 
ing from  tbe  Trenton  limestone  wbicb  was  reacbed  in  tbe  preceding 
well.  But  sucb  mode  of  origin  is  not  necessary.  Tbere  are  many 
nearer  sources  in  tbe  series  tbat  underlies  Bellevue. 

A  second  well  was  drilled  in  1895  to  a  depth  of  204  feet.  Water  was 
found  at  GO  feet,  wbicb  evidently  flowed  to  tbe  nortbward,  but  it  was 
thought  better  to  go  deeper.  At  196  feet  tbe  tools  dropped  18  inches 
through  an  existing  cavity,  which  must  stand  for  subaerial  solution 
and  removal  at  some  earlier  day.  At  a  depth  of  204  feet  tbe  drill  was 
stopped  and  a  double  acting  pump  was  set  at  work  for  seven  days  con- 
tinuously. Tbe  i^roduction  of  tbe  well  was  found  to  be  500,000  gallons 
per  diem,  and  at  the  end  of  this  prolonged  test  the  water  in  tbe  well 
was  found  19  feet  higher  than  at  tbe  outset.  The  average  consumption 
of  the  town  is  very  near  tbe  average  production  of  tbe  well,  but 
impounded  water  is  preferred  for  steam  production  in  the  village,  and 
this  is  separately  furnished.  Tbe  open  character  of  tbe  underlying 
rock  is  well  shown  by  the  fact  that  in  drilling  very  few  chips  are  brougbt 
up.  As  tbe  rock  fragments  are  consecutively  set  free  some  current  of 
water  carries  them  out  of  sight. 

CASTALIA. 

The  noblest  fountain  of  Ohio  still  remains  to  be  named.  It  emerges 
directly  from  tbe  Onondaga  limestone.  It  is  located  in  Margaretta 
Township,  in  tbe  northwest  corner  of  Erie  County,  about  3  miles  south 
of  Sandusky  Bay.  Its  highest  springs  are  57  feet  above  tbe  level  of 
Lake  Erie.  Tbe  ground  rises  at  a  fairly  rapid  rate  to  the  southward, 
its  altitude  increasing  150  feet  in  the  course  of  3  or  4  miles.  Tbe  foun- 
tain of  Castalia,  as  was  well  shown  by  Newberry,^  takes  the  part  of 
a  considerable  stream  in  unwateringl25  to  150  square  miles  of  territory 
which  has  no  surface  drainage.  This  area  comprises  tbe  following  town- 
ships in  whole  or  in  part:  Margaretta  and  Groton,  Erie  County;  York, 
Sandusky  County ;  Lyme,  Huron  County;  Thompson,  Seneca  County, 

This  underground  stream  bears  a  little  west  of  south  from  its  outlet. 
Its  course  is  marked  by  numerous  sink  boles  and  caverns.  The  drift 
is  shallow  throughout  the  entire  area  and  there  are  numerous  exposures 
of  thinly  covered  rocks.  At  Bellevue  underground  streams  having  a 
strong  flow  to  the  northward  are  struck  whenever  wells  go  into  the 
rock.  Near  Flat  Bock  station,  a  few  miles  south  of  Bellevue,  a  consid- 
erable cave  in  the  limestone  has  recently  been  discovered.  It  is  no 
doubt  a  part  of  tbe  underground  chambers  through  which  tbe  stream 
tbat  emerges  at  Castalia  is  fed. 

At  tbe  points  of  einergence  of  the  water  and  nortbward  to  the  bay 
tbe  surface  has  been  filled  by  vegetable  growths,  accumulated  for 
thousands  of  years,  to  a  depth  of  20  to  50  feet.    Extensive  sheets  of 


1  Geol.  Survey  Ohio,  Vol.  II,  1874,  p.  186. 
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travertine  have  been  deposited  at  different  stages,  covering  square 
miles  in  extent.  The  travertine  consists  of  nearly  pure  carbonate  of 
lime,  though  the  rock  from  which  it  is  dissolved  is  almost  a  typical  dolo- 
mite. The  entire  area  from  the  emergence  of  the  water  to  the  shores  of 
Sandusky  Bay  constituted  an  extensive  marsh  or  swamp  when  it  first 
came  under  the  eye  of  man. 

These  Oastalia  springs  were  used  for  milling  purposes  for  three- 
fourths  of  a  century.  An  extensive  paper  factory  was  once  in  OT)era- 
tion  here,  and  a  flouring  mill  later  took  its  place. 

Through  these  vegetable  acqjimulations  above  referred  to,  the  water 
rises  with  a  strong  ascending  force  from  the  underlying  rock  to  the 
surface,  forming  boiling  springs  of  great  volume.  The  most  notable  of 
these  springs  is  called  the  Blue  Hole.  It  is  75  feet  in  diameter  and  about 
45  feet  deep.  Its  discharge  is  5,000  gallons  per  minute,  or  7,200,000 
gallons  per  diem.  The  temx^erature  of  the  water,  which  is  the  same 
throughout  the  year,  is  48°  F.  The  upper  springs,  from  the  same 
underground  source,  add  about  20,000  gallons  per  minute,  making  the 
total  outflow  of  the  stream  36,000,000  gallons  i^er  diem.  The  water  is 
exceptionally  clear.  A  white  pebble  dropped  into  the  Blue  Hole  can  be 
distinctly  followed  by  the  eye  until  it  reaches  the  moss  at  the  bottom. 
The  water  is  so  little  aerated  that  fishes  placed  in  it  die  at  once  from 
want  of  oxygen. 

In  mineral  contents  the  water  agrees  closely  with  the  general  type 
of  waters  derived  from  the  Onondaga  limestone. 

An  analysis  made  by  Dr.  J.  Lang  Cassels,  of  Cleveland,  shows  the 
following  composition : 


Analysis  of  water  from  the  Castalia  springs. 


Constituent. 


Chloride  of  potassium  . 
Chloride  of  sodium  .  — 
Chloride  of  magnesium 
Sulphate  of  potassium . 
Sulphate  of  soda  


Grains  per 
gallon. 


0.  665 
.685 
•2.  814 
2.656 
.587 


Sulphate  of  magnesia   5.  986 

Sulphate  of  lime  

Carbonate  of  lime  


Carbonate  of  magnesia 
Carbonate  of  lithia. ... 

Carbonate  of  iron  

Alumina  

Silica  

Organic  matter  

Total  solids  .  


6.  952 
57.  752 
8.  432 
.910 
1.632 
1.842 
2.  089 
.900 


93.  967 
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The  water,  though  spread  out  over  many  acres  of  laud  (13  acres) 
and  nowhere  except  at  the  springs  more  than  a  few  feet  in  depth,  never 
freezes.  The  streams  flowing  from  these  sources  were  known  in  early- 
times  as  cold  creeks,  the  several  subdivisions  of  which  received  different 
designations. 

Advantage  has  been  taken  of  late  years  of  these  cold  and  clear 
waters  to  establish  trout  preserves.  Two  companies  are  now  estab- 
lished here  provided  with  clubhouses,  cottages,  etc. 

The  Castalia  Trout  Club  Company  owns  104  acres  of  land,  having 
bought  up  the  old  mill  site  and  removed^  the  structures  formerly  placed 
there.  It  has  led  the  water  through  its  grounds  by  tortuous  channels, 
some  of  them  15  or  20  feet  wide,  and  has  thus  secured  a  total  length  of 
6  miles  of  stream  within  its  boundaries.  Pools,  rapids,  and  cascades 
abound  along  the  course  of  the  stream  and  i)rove  excellently  adapted  to 
the  habits  and  dispositions  of  brook  trout  {Salmo  fontinalis),  with  which 
the  waters  have  been  stocked.  Fresh  water  Crustacea  and  small  fish 
abound,  which  furnish  a  natural  food  sui^ply  for  the  trout,  and  all  con- 
ditions prove  excellently  adapted  to  its  full  development,  although  it 
is  not  native  to  the  waters  of  Ohio. 

CORNIFEROUS  LIMESTONE. 

The  formation  now  to  be  considered  is  of  small  importance  as  a  source 
of  water  in  Ohio,  mainly  because  of  its  comparatively  small  area.  Fur- 
thermore, its  natural  cover  in  the  rock  series  is  the  Ohio  shale,  which  is 
an  impervious  formation  when  any  considerable  amount  remains.  We 
have,  however,  a  few  instances  in  which  flowing  waters  and  generous 
springs  issue  from  this  sheet  of  limestone,  but  no  instance  of  its  use  as 
a  source  of  x^ublic  water  supply  occurs  in  the  State  so  far  as  known. 

COLUMBUS. 

In  a  small  district  of  this  city  several  flowing  wells  drilled  to  the 
horizon  here  indicated  have  been  struck.  The  water  in  them  is  strongly 
impregnated  with  sulphureted  hydrogen,  but  it  is  not  certain  that  this 
feature  is  due  to  the  limestone.  In  fact,  it  is  rather  probable  that 
the  sulphurous  character  of  the  water  is  derived  from  the  thin  band  of 
shale  overlying  the  limestone.  The  drift  of  the  immediate  region  also 
abounds  in  fragments  of  shale,  and  particularly  in  the  pyrite  nodules  of 
this  formation,  which,  being  harder  than  the  rock  that  originally 
inclosed  them,  have  survived  while  the  shale  has  perished.  The  wells 
in  question  are  all  located  on  West  Mount  and  Main  streets,  near  the 
intersection  of  Canal  and  Water  streets.  There  are  four  wells  to  be 
counted  in  this  series,  the  first  one  having  been  drilled  in  1884  and  the 
others  within  two  or  three  years  thereafter.  They  belong  to  Schaweker 
Bros.,  tanners;  T.  Lewis  &  Sons,  tanners;  The  Columbus  Soap  Works, 
and  Hardesty  Bros.,  millers. 

All  these  wells  appear  to  reach  the  same  horizon  of  water,  though 
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the  difference  in  their  production  is  large;  but  the  production  of  one 
affects  the  rest  to  a  considerable  extent.  It  has  been  impossible  to  get 
the  exact  records  of  the  drilling  on  account  of  the  interval  since  they 
were  put  down,  but  it  seems  fairly  well  settled  that  all  of  them  pene- 
trated a  thin  bed  of  the  Ohio  shale  at  a  depth  of  about  100  feet  below 
the  surface  before  striking  the  limestone,  and  that  the  principal  water 
vein  is  met  a  few  feet  below  the  surface  of  the  limestone.  In  the  Lewis 
well  the  greatest  supply  comes  from  132  feet.  The  water  has  a  constant 
temperature  of  52°  F.,  and  on  this  fact  its  most  important  uses  depend, 
viz,  for  the  condensation  of  steam  in  the  flouring  mill  and  for  preserv- 
ing hides  in  the  tannery  in  the  warm  weather  of  summer. 

The  water  is  so  rank  with  sulphureted  hydrogen  as  to  be  disagree- 
able to  many,  but  by  others  it  has  been  counted  medicinal  in  its  effects, 
and  for  a  time  it  was  regularly  sold  through  the  city  from  a  wagon 
employed  for  this  purpose. 

Before  getting  down  to  the  sulphur  water  other  water  veins  were 
struck  in  drilling  through  the  drifts;  but  only  the  rock  water  proved 
artesian,  and  its  flow  shows  but  a  comparatively  slight  head  of  pressure. 
The  Hardesty  well  is  a  particularly  strong  one. 

In  the  northern  part  of  the  city  there  are  several  flowing  wells  from 
the  drift,  the  most  vigorous  of  which  is  one  drilled  a  year  ago  at  the 
corner  of  Eleventh  avenue  and  Fourth  street.  The  well  is  shallow,  but 
its  original  volume  was  large.  It  yields  the  ordinary  quality  of  the 
drift  water  of  the  region.  The  Ohio  shale  lies  but  a  few  feet  below  the 
surface  here,  and  the  ground  rises  to  the  eastward  with  a  considerable 
grade.  The  natural  drainage  is  westward,  and  a  large  body  of  water 
is  moving  in  this  direction  upon  the  sloping  surface  of  the  shale  and 
through  the  drift  that  covers  it,  when  the  latter  consists  of  gravel. 
There  is  no  apparent  chance  for  this  water  to  secure  adequate  purifica- 
tion if  once  seriously  polluted;  but,  flowing  from  the  well  as  it  does 
with  a  strong  current,  it  impresses  those  who  see  it  as  coming  from  a 
deep  source,  and  therefore  as  possessing  all  the  characteristics  of  rock 
water. 

A  fine  spring  enters  the  Scioto  River  from  the  westward  a  few 
miles  below  Columbus.  It  is  known  as  the  Wyandot  spring,  tradi- 
tion contiecting  it  with  the  Indian  occupation  of  the  country  a  hun- 
dred years  ago.  This  spring  vshows  all  the  characteristics  of  a  limestone 
spring.  It  emerges  from  the  joints  of  the  Oorniferous  limestone,  duly 
widened  by  solution.  There  is  but  a  shallow  cover  of  drift  in  the  imme- 
diate region.  Undoubtedly,  if  we  could  follow  back  this  vigorous  flow 
to  its  source  v^e  should  find  a  considerable  underground  stream,  drain- 
ing a  large  territory,  receiving  tributaries  from  both  sides,  after  the 
fashion  of  surface  streams  of  like  volume.  The  Scioto  River  is  known 
to  receive  notable  accessions  to  its  flow  from  sources  like  this. 

Some  of  the  water  referred  to  this  stratum  may  properly  be  referred 
to  the  Ohio  shale,  immediately  overlying,  since  it  is  affected  by  its  con- 
tact with  or  stay  in  that  formation. 
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OHIO  SHALE. 

It  is  only  at  the  junction  of  the  great  shale  stratum  with  the  Devo- 
nian limestone  that  any  considerable  production  of  water  can  be  referred 
to  the  formation  named  above.  Water  finding  its  way  through  the 
lower  beds  of  the  shale  attacks  and  dissolves  the  underlying  limestones 
to  a  greater  or  less  extent,  and  when  the  conditions  are  favorable  large 
springs  appear  at  this  horizon. 

An  excellent  example  of  these  conditions  can  be  seen  in  the  well- 
known  sulphur  spring  G  miles  above  Worthington,  in  the  Olentangy 
Valley.  The  spring  comes  in  from  the  eastward.  It  has  a  strong  flow, 
and  the  water  is  heavily  charged  with  sulphureted  hydrogen.  ^  A  white 
precipitate  of  sulphur  discolors  the  Olentangy  River  for  about  a  dozen  ^ 
rods  below  the  point  where  the  spring  enters  the  river. 

The  famous  spring  of  the  Sunfish  Valley,  in  Pike  County,  known  as 
Campbell's  spring,  comes  under  this  head;  that  is,  it  emerges  from  the 
rock  just  at  the  junction  of  the  shale  and  limestone.  The  limestone  at 
this  point  is  not,  however,  the  Devonian  limestone,  but  by  overlap  the 
shale  here  rests  on  the  Onondaga.  The  shale  from  under  which  this 
spring  comes  to  light  rises  into  uplands  300  to  400  feet  above  the  valley 
level.  The  spring  has  volume  enough  for  a  mill  stream  when  it  first 
comes  to  light,  but  it  is  too  near  the  level  of  the  valley  to  give  the  nec- 
essary head.  Some  years  ago  an  attempt  was  made  to  obtain  mill 
power  from  it  by  confining  it  in,  a  water  tower  built  of  stone  for  this 
purpose;  but  as  soon  as  a  foot  or  two  of  head  was  reached  in  the  tower 
the  stream  burst  out  in  a  new  place  50  to  100  feet  above  its  oid  point  of 
escape,  rendering  all  the  work  done  futile. 

The  water  of  Campbell's  spring  is  not  sulphurous,  £;,nd  its  character 
has  not  therefore  been  affected  by  the  overlying  shale.  It  is  i)robable 
that  the  traditions  of  the  neighborhood  in  regard  to  the  spring  are  well 
founded,  viz,  that  it  has  its  origin  in  a  surface  stream  flowing  in  a  val- 
ley several  miles  westward  which  disappears  abruptly,  passing  out  of 
sight  in  the  upper  beds  of  the  limestone.  The  quality  of  the  water 
and  the  general  conditions  of  the  spring  agree  very  well  with  this 
explanation. 

In  a  well  drilled  100  feet  into  the  Ohio  shale,  near  the  center  of  the 
village  of  Worthington,  a  small  amount  of  water  was  found,  but  it  was 
too  highly  mineralized  to  allow  its  use  as  a  potable  supply.  The  min- 
eral content  of  the  water  was  principally  sulphate  of  alumina,  but  the 
percentage  was  not  determined.  Iron  is  always  present  in  large  amount 
in  this  shale  water.  Water  is  also  found  in  the  great  shale  formation 
when  the  latter  is  overlain  by  considerable  deposits  of  drift,  as  in  the 
extreme  northwestern  counties  of  the  State.  In  such  cases  the  water 
carries  notable  quantities  of  common  salt,  as  a  rule.  In  numerous 
instances  the  quantity  is  so  large  as  to  make  the  w^ater  unsuitable  for 
use  as  household  supply  or  as  stock  water. 
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WAVERLY  GROUP. 

ISTo  characteristic  quality  or  condition  lias  been  noted  in  any  of  the 
strata  conii)osing"  the  Waverly  group,  so  far  as  the  water  supply  is 
concerned,  except  in  a  single  instance  to  be  noted  later.  The  entire 
group  is  i^oor  in  water.  In  large  areas,  in  which  the  lowermost  and 
middle  elements  make  the  surface  rocks,  there  is  an  almost  complete 
lack  of  water,  as  shown  in  springs.  In  summer  droughts  such  regions 
become  almost  uninhabitable  for  man  and  beast,  except  as  rain  water 
has  been  previously  stored  by  artificial  means. 

MEDINA. 

A  single  public  supply  is  found  in  the  upper  portion  of  the  Cuyahoga 
shale  at  Medina.  The  drift  water  of  this  region  is  excessively  hard, 
and  consequently  gives  much  trouble  to  those  who  use  it  in  steam 
boilers.  To  secure  a  supply  that  would  relieve  them  from  this  difficulty 
has  been  an  object  of  resolute  search  on  the  part  of  a  few  manufac- 
turers in  the  town,  among  whom  Mr.  A.  I.  Root  has  been  especially 
active  and  enterprising.  In  this  search  Mr.  Root  has  drilled  seven 
wells  at  his  own  expense,  the  wells  ranging  in  depth  from  25  to  160  feet. 
He  found  that  it  is  only  by  effectually  shutting  off  the  water  derived 
from  the  drift  that  the  character  of  the  rock  water  can  be  recognized. 

When,  eight  or  ten  years  ago,  all  the  enterprising  towns  of  Ohio 
entered  on  the  search  for  gas  or  oil  in  their  immediate  neighborhood, 
a  small  supply  of  water,  differing  in  quality  from  the  water  in  the  drift, 
was  struck  in  the  trial  well  that  was  drilled  at  Medina  in  this  interest. 
The  gristmill  located  near  the  well  availed  itself  of  the  discovery  and 
found  the  water  well  adapted  to  boiler  use,  although  it  is  somewhat 
saline.  The  rock  water  of  the  entire  region  has,  however,  this  char- 
acter. But  after  learning  the  exj)erience  of  the  mill  in  obtaining  water 
free  from  lime  salts,  Mr.  Root  determined  to  further  test  the  rock  on  his 
own  ground  at  the  horizon  which  had  been  already  developed.  He 
was  rewarded  by  a  moderate  yield  of  water  that  was  free  from  lime, 
the  surface  and  drift  waters  having  been  carefully  excluded. 

Influenced  by  this  experience,  the  village  decided,  in  1895,  to  estab- 
lish a  public  water  supply,  and  up  to  this  time  it  has  invested  about 
$7,500  in  its  plant.  Two  wells,  8  inches  in  diameter,  were  drilled  in  the 
valley  near  the  original  trial  well  and  near  the  mill.  The  drift  at  this 
point  is  but  10  to  12  feet  in  thickness,  and  at  40  feet,  in  a  sandy  shale, 
a  moderate  water  vein  was  struck;  and  again  at  80  feet  a  vein  that  was 
counted  excellent  was  reached.  The  pumps  were  set  to  work  upon  the 
supply  and  the  yield  of  the  new  well  was  estimated  at  90  barrels  an 
hour,  but  at  present  its  producition  is  found  on  steady  pumping  to  be 
about  70  barrels  an  hour,  which  is  at  the  rate  of  53,000  gallons  a  day; 
but  as  the  pumps  run  only  fifteen  hours  out  of  the  twenty-four,  the 
.present  production  does  not  exceed  35,000  gallons  a  day. 

The  water  is  poimlarly  called  "soda  water."  It  corrodes  iron  jnpes 
when  reaching  them  in  contact  with  the  atmosphere,  but  in  boilers  it 
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works  very  satisfactorily.  Wlieu  used  for  sprinkling  the  streets  it  leaves 
a  white  crust  on  evaporation.  It  is  also  used  as  potable  water,  but  with 
scant  favor.  The  State  board  of  health,  after  a  chemical  analysis,  gave 
it  approval,  though  rather  grudgingly.  So  far  as  the  hygienic  indica- 
tions were  concerned,  there  was  nothing  to  condemn  the  water,  aside 
from  the  large  i>ercentage  of  common  salt,  but  as  this  is  known  to  be 
a  constant  product  of  the  rock  water  of  the  region,  no  unfavorable  con- 
clusions Avere  drawn  from  its  presence.  The  unusual  percentage  of 
total  solids  naturally  attracted  attentioti,  but  as  they  were  found  to  be 
referable  neither  to  temporary  nor  permanent  hardness,  but  princi- 
pally to  sodium  sulphate,  the  water  was  not  condemned.  It  is  found 
by  experience,  however,  to  be  unwholesome  when  used  as  a  regular 
supply  for  drinking  water.  The  total  solids  in  the  two  analyses  were 
found  to  be  respectively  243  and  238  grains  to  the  gallon,  while  the 
chlorine  in  the  first  analysis  showed  33  grains  to  the  gallon,  and  in  the 
second  GO  grains  to  the  gallon.  Of  the  total  solids,  common  salt  con- 
stitutes, as  is  seen,  an  important  part. 

The  Medina  water  is  thus  seen  to  be  a  distinctly  alkaline  water,  and 
this  fact  accounts  for  the  approval  it  receives  for  boiler  use.  The  dis- 
covery is  one  of  great  importance  to  a  number  of  counties  in  northern 
Ohio,  in  which  drift  water  is  now  exclusively  used  in  boilers.  The  con- 
stant expense  for  chemicals  to  destroy  the  scale  and  the  frequent  inter- 
ruption of  business  in  getting  rid  of  the  obstructing  products,  together 
with  the  shorter  life  of  the  boilers  themselves,  make  the  discovery  of 
soft  water — for  such,  practically,  alkaline  water  is — an  important  desid- 
eratum. Parts  of  Trumbull,  Geauga,  Cuyahoga,  Wayne,  Ashland, 
Kichland,  and  Holmes  seem  to  be  included  in  this  list. 

As  already  noted,  the  ordinary  wells  in  many  parts  of  Medina  County, 
and  particularly  to  the  south  of  the  county  seat,  carry  a  notable  amount 
of  common  salt.  In  a  few  cases  it  is  found  necessary  to  reject  the 
water  on  this  account. 

A  well  drilled  by  the  Electric  Light  and  Power  Company  of  the  vil- 
lage, a  little  west  of  the  wells  already  described,  found  water  of  the  same 
quality  at  the  same  horizon,  but  obtained  a  much  more  abundant  supply. 

A  third  analysis  recently  made  by  Prof.  C.  C.  Howard  for  the  State 
board  of  health  gives  the  following  somewhat  surprising  results: 

Analysis  of  water  of  ivell  at  Medina,  Ohio. 


Constituent. 


Sodium  sulphate  

Sodium  carbonate  . . . . 
Magnesium  carbonate 

Calcium  sulphate  

Sodium  chloride  

Total  solids  


Grains  per 
gallon. 


288.  70 
62. 88 
0. 42 
3.05 
6. 066 

361. 12 
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Water  such  as  is  here  shown  differs  in  a  marked  degree  from  any- 
other  water  known  in  the  State.  Its  alkaline  quality  is  pronounced. 
It  will  also  be  noted  that  the  total  solids  greatly  exceed  in  this  analysis 
even  the  high  figures  previously  reported. 

ORRVILLE. 

It  seems  necessary  to  refer  the  excellent  water  supply  of  Orrville  to 
the  Logan  sandstone,  which  is  the  conglomeratic  phase  of  the  Waverly 
group,  though  some  doubt  may  exist  as  to  whether  the  water  is  derived 
from  the  Waverly  conglomerate  or  from  the  first  pebble  rock  that  over- 
lies it,  namely,  the  Sharon  division  of  the  Carboniferous  conglomerate. 
On  the  whole  the  reference  here  made  seems  the  more  probable. 

The  Logan  conglomerate  is  a  less  important  element  in  northern 
than  in  central  Ohio,  but  it  is  generally  a  porous  rock  made  up  of 
coarse  sand  in  which  pebbles,  often  of  large  size,  are  embedded.  It  is 
a  water-bearing  stratum  wherever  found  at  the  surface.  It  forms  a 
prominent  shoulder  of  high  ground  in  Eichland,  Ashland,  and  Wayne 
counties,  which  had  a  very  important  effect  in  arresting  the  advance 
of  the  ice  sheet  in  this  part  of  the  State.  Because  of  its  resistance  to 
degradation,  and  its  consequent  high  altitude,  the  glacial  boundary 
makes  nearly  a  right  angle  here,  changing  its  direction  from  west  to 
nearly  south.  A  physical  model  of  the  State  brings  out  the  cause  of 
this  abrupt  deflection  in  a  striking  manner. 

Within  the  last  four  years  Orrville  has  adopted  a  public  system  of 
water  supply,  and  its  experience  has  been  thus  far  favorable  in  all 
respects.  The  work  has  been  carried  forward  efficiently  and  econom- 
ically, and  the  entire  population  shares  in  the  advantages  that  an 
excellent  water  supply  gives  to  a  town.  At  the  outset  of  their  labors 
the  trustees  tested  the  public  square  of  the  village,  hoping  to  find  a 
centrally  located  supply  available.  A  well  was  drilled  150  feet  deep  at 
this  point,  but  though  water  was  struck  in  both  drift  and  rock,  no  flow 
was  obtained,  and,  since  fine  flowing  wells  are  common  in  the  region, 
the  well  was  consequently  counted  a  failure.  They  next  turned  their 
attention  to  the  low  ground  north  of  the  center,  where  on  several  pre- 
vious trials  made  by  the  neighboring  farmers  excellent  fountains  had 
been  obtained.  Two  acres  were  purchased  here.  These  constitute  a 
part  of  the  old  lake  bottom  that  gives  rise  to  so  much  excellent  garden 
land  around  Orrville.  The  altitude  of  the  ground  purchased  is  about 
1,025  feet  above  tide,  or  35  feet  lower  than  the  railway  crossing  to  the 
southward.  Four  wells  were  drilled  here  from  102  to  158  feet  in  depth. 
The  wells  were  8  inches  in  diameter  when  begun,  but  were  afterwards 
reduced  to  6  inches.  The  cover  of  drift  was  found  to  be  about  30 
feet  thick.  When  the  rock  was  reached  water  was  at  once  found,  but 
the  amount  increased  as  the  drill  descended.  Perhaps  the  drilling 
was  continued  after  the  full  increase  of  the  supply  had  been  reached. 
None  of  these  public  wells  show  a  remarkable  production,  but^one  of 
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the  number  yielded  for  .six  weeks  125,000  to  140,000  gallons  per  diem. 
The  four  wells  are  connected  now  and  tbe  maximum  production  thus 
far  has  been  225,000  gallons  in  fcwenty-four  hours.  The  severe  drought 
of  the  autumn  of  1897  seems  to  have  had  a  temporary  effect  upon  the 
production  of  the  wells.  The  character  of  the  water  is  not  in  full 
accord  with  its  sandstone  origin.  It  has  obtained  some  mineral 
matter  from  the  drift  through  which  it  must  have  passed  into  the 
rock.  An  analysis  made  by  Prof.  H.  A.  Weber  of  the  Ohio  State 
University  gives  the  following  results: 


Analysis  of  water  from  well  at  Orrville,  Ohio. 


» 

Constituent. 

Parts  in 
1,000,000. 

Organic  matter    

7.44 
9.00 
285. 00 

Mineral  matter  

This  is  equivalent  to  19.95  grains  to  the  gallon.  Professor  Weber 
remarks  in  his  report  that  the  Orrville  water  is  chemically  one  of  the 
best  drinking  Avaters  he  has  examined  in  the  State.  In  boilers  it  forms 
a  thin  scale,  but  gives  less  trouble  of  this  kind  than  most  Ohio  waters. 
The  railroads  i^assing  through  Orrville  approve  the  water  and  make 
large  use  of  it  for  their  locomotives. 

Mr.  D.  r.  Griffith,  who  has  a  flouring  mill  on  the  east  side  of  the  corpo- 
ration, has  drilled  a  well  which  obtains  its  water  supply  from  about  100 
feet  below  the  surface,  and  flows  31  barrels  per  hour.  The  total  depth 
of  the  well  is  150  feet. 

Mr.  Henry  H.  Forrer  has  a  fountain  well  obtained  at  a  depth  of  72  feet, 
1 J  miles  east  of  the  village.  Most  of  the  flowing  wells  of  the  neighbor- 
hood show  a  pressure  head  of  10  to  12  feet.  In  the  Forrer  well  but  10 
feet  of  drift  was  found  above  the  rock.  A  conglomerate  stratum  crops 
out  near  the  well,  which  is  referred  to  the  Sharon  conglomerate  by  the 
former  geological  survey  of  Ohio,  but  this  reference  does  not  decisively 
settle  its  character. 

EAST  UNION. 

In  some  of  the  townships  south  of  Orrville,  and  notably  in  East 
Union,  there  are  several  artesian  wells,  and  some  of  them  are  of  remark- 
able character.  They  are  well  represented  by  the  fountain  of  Mr.  John  S. 
Amstutz,  who  resides  6  miles  southwest  of  the  village  of  Orrville.  (See 
PI.  LXXIII,  A.)  Twenty  years  ago  he  drilled  a  well  to  the  depth  of  120 
feet.  The  drift  was  but  12  feet  thick,  under  which  the  Cuyahoga  shale 
was  reached.  He  continued  in  this  formation,  known  as  mud  rock," 
for  108  feet.  At  a  depth  of  99  feet  he  struck  a  notable  vein  of  flowing- 
water,  which  rose  to  a  head  of  24  feet,  a  fact  unprecedented  in  this 
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FOUNTAIN  WELLS  IN  EAST  UNION  TOWNSHIP,  WAYNE  COUNTY  OHIO 
A,  On  farm  of  John  S  Amstutz  ;  turns  a  1  2-foot  water  wheel     B,  At  schoolhouse  No  7,  3-mch  pipe 
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State  so  far  as  my  knowledge  goes.  The  head  has  siuce  been  reduced 
to  14  feet.  The  original  production  of  the  well  was  G  barrels  a  minute, 
or  at  the  rate  of  250,000  gallons  per  diem.  The  water  originally  rose 
with  such  force  as  to  throw  out  stones  2  or  3  inches  in  diameter. 

The  happy  thought  occurred  to  Mr.  Amstutz  to  utilize  the  power  of 
this  surprising  water  head.    Accordingly  he  constructed  a  water  wheel 
12i  feet  in  diameter,  to  which  the  waste  of  the  flowing  well  was  con 
ducted.    By  means  of  tliis  power  he  grinds  feed  for  his  stock  and 
executes  other  mechanical  work  appropriate  to  the  needs  of  a  farm. 

A  notable  fountain  is  also  found  in  a  well  drilled  for  schoolhouse  ^o. 
7,  East  Union  Township,  7J  miles  southwest  from  Orrville.  (See  PI. 
LXXIII,  J5.)  The  well  is  89  feet  deep,  and  its  flow  completely  fills  a 
3-inch  pipe.  Its  splendid  production  makes  it  well  known  throughout 
this  part  of  the  country. 

NEW  LONDON. 

This  village  has  no  public  water  supply  and  a  comparatively  small 
number  of  satisfactory  private  wells.  The  latter  are  either  shallow 
drift  wells  or  deep  and  expensive  drilled  wells,  the  latter  operated 
mainly  by  wind  pumx^s.    Of  deej)  wells  the  number  is  small. 

The  drift  beds  in  the  village  and  in  the  immediate  vicinity  are  gen- 
erally heavy.  Sections  of  at  least  100  feet  of  bowlder  clay  are  of  usual 
occurrence,  and  these  are  often  dry  from  start  to  finish,  particularly 
after  10  or  15  feet  of  the  uppermost  beds  have  been  passed. 

The  first  bedded  rock  to  be  reached  below  the  drift  is  the  Cuyahoga 
shale,  but  as  this  is  for  the  most  i)art  destitute  of  water  the  Berea  grit 
constitutes  the  objective  point  of  the  driller.  The  u])per  portion  of  the 
Berea  is  found  to  be  moderately  productive  of  potable  water,  but  salt 
is  generally  found  in  the  water  when  the  drill  is  continued  to  the  bot- 
tom of  the  sandstone  formation.  Occasionally,  however,  the  Cuyahoga 
shale  assumes  a  sandy  character  and  yields  an  accej)table  supply  for  a 
farm,  including  domestic  use  and  provision  for  stock.  Such  an  exam])le 
is  to  be  found  on  the  farm  of  Mr.  A.  Crittenden,  a  little  east  of  Ruggles 
Corners. 

In  the  village  the  well  of  Mr.  George  E.  Washburn  may  be  taken  as 
a  representative  of  the  deep  wells  of  the  vicinity.  He  found  105  feet 
of  dritt,  casing  the  water  off  to  that  depth,  lielow  this  there  were  but 
60  feet  of  Cuyahoga  shale,  the  balance  of  the  formation  having  yielded 
to  preglacial  waste  and  glacial  erosion  in  past  time.  At  150  feet  the 
Berea  shale — the  band  of  black  shale  that  directly  overlies  the  Berea 
grit — was  struck.  Of  this  the  usual  thickness — 15  feet — was  found, 
and  at  165  feet  the  surface  of  the  Berea  sandstone  was  reached.  The 
uppermost  20  feet  of  the  stratum  were  moderately  coarse  in  grain,  and 
water  api)eared  in  it  in  fair  quantity.  As  the  drill  descended  salt 
water  came  in.  The  work  was  continued  until  a  total  depth  of  235  feet 
was  reached.  The  entire  thickness  of  the  Berea  was  penetrated  and 
possibly  a  few  feet  of  tlie  underlying  Bedford  were  included  in  the  well 
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section.  If  all  the  rock  below  165  feet  is  assigned  to  the  Berea  grit  its 
thickness  here  is  70  feet. 

This  well  is  a  failure  as  a  source  of  domestic  supply,  and  also  for 
stock  water,  though  horses  will  drink  it  when  very  thirsty.  If  the 
drill  had  been  stopped  at  185  feet  the  well  would  in  all  probability  have 
been  at  least  moderately  successful. 

The  Arnold  well,  also  located  within  the  village  limits,  reaches  the 
Berea  grit  by  a  section  very  like  the  one  already  described,  but  does 
not  penetrate  the  entire  stratum,  and  thus  furnishes  water  of  acceptable 
quality.  The  wind  pump  connected  with  it  will  fill  a  200-barrel  tank 
in  about  fifteen  hours. 

North  of  the  village  salt  water  in  wells  has  not  been  reported  as 
troublesome. 

Mr.  D.  W.  Smith,  of  New  London,  is  the  reliance  of  this  entire  dis- 
trict in  the  matter  of  drilling  wells.  He  has  made  himself  thoroughly 
familiar  with  the  underground  geology  of  the  region,  and  his  observa- 
tions are  of  great  interest  and  value.  He  has  come  to  believe  that  the 
water  question  is  steadily  becoming  a  more  difficult  one  for  this  part 
of  the  State,  because  of  the  drying  out  and  consequent  hardening  of 
the  great  sheet  of  bowlder  clay  which  covers  the  country.  He  claims 
that  an  increasing  percentage  of  the  rainfall  escapes  in  the  run-off.  I 
am  not  prepared  to  express  an  opinion  on  this  question. 

CARBONIFEROUS  CONGLOMERATE. 

The  group  of  three  great  sandstones  now  to  be  considered  has  a  much 
more  important  relation  to  water  supply  than  the  formation  last  dis- 
cussed, although  the  present  group  does  not  equal  in  volume  the  pre- 
ceding one. 

The  lowest  stratum  is  the  Sharon  conglomerate,  which  is  often  a 
white  and  pebbly  sand  of  great  purity.  Near  Youngstown,  in  Trum- 
bull County,  it  occurs  in  fine  development  as  a  surface  rock.  Quarries 
have  sometimes  been  opened  in  it.  The  stone  from  which  the  fine  resi- 
dence of  the  late  Hon.  Chauncey  Andrews  was  built  was  derived  from 
this  source.  This  stratum  probably  takes  part  in  the  water  supply  of 
more  than  one  town  in  northern  Ohio,  but  the  only  case  in  which  the 
public  supply  can  positively  be  referred  to  it  is  that  at  Massillon. 

MASSILLON. 

A  private  company  holds  the  franchise  for  supplying  this  thriving 
and  important  city  with  water.  It  is  known  as  the  Massillon  Water 
Supply  Company,  the  principal  stockholders  being  eastern  capitalists. 
The  present  company  bought  out  an  older  comi:)any  in  1887,  paying 
$80,000  for  the  franchise  and  plant.  Up  to  the  present  date  the  com- 
pany has  made  a  total  investment  of  about  $300,000. 

The  original  company  obtained  its  water  supply  from  Sippo  Lake,  and 
this  proved  unsatisfactory  to  the  people  of  the  city  in  every  respect. 
It  had  all  the  disadvantages  of  an  inadequate  surface  supply. 
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III  1890  the  present  company  undertook  to  And  a  new  and  approved 
supply,  and  in  this  interest  drilled  a  6-inch  well  in  the  valley  west  of 
the  town.  It  found  73  feet  of  drift  at  this  point.  The  first  rock 
reached  was  a  pebbly  sandstone,  which  is  referred  with  confidence  to 
the  S^haron  horizon.  This  stratum  seems  to  have  continued,  with  but 
slight  changes,  to  a  depth  of  200  feet.  The  drill  was  kept  at  work  for 
a  further  depth  of  60  feet,  but  no  new  stocks  of  water  were  reached 
after  the  sandstone  was  passed.  The  rock  in  which  the  water  was 
found  was  i^opularly  identified  with  the  Massillon  sandstone,  but  this 
identification  is  certainly  erroneous,  for  the  great  Massillon  quarries 
rise  75  to  100  feet  above  the  river  not  more  than  1,000  feet  distant  from 
the  location  of  the  well,  while  the  water  bearing  sandstone  is  not 
reached  until  the  drill  has  descended  60  feet  below  the  same  level. 

The  supply  of  water  from  well  No.  1  has  proved  generous.  For  three 
years  it  was  made  to  yield  500,000  galloos  daily.  The  water  betrays 
contact  with  other  formations  than  the  sandstone,  as  the  following 
analysis  shows.  The  results  of  the  analysis  seem  to  stand  for  careful 
work,  but  I  was  unable  to  find  where  or  by  whom  the  analysis  was 
made,  except  that  it  is  credited  by  the  company  to  Professor  Smith. 

Analysis  of  water  fi'om  ivell  at  Massillon,  Ohio. 


Constituent. 


Potassium  sulphate  

Sodium  sulphate  

Sodium  chloride  

Sodium  phosphate  

Calcium  sulphate  

Calcium  bicarbonate  . . . 
Magnesium  bicarbonate 

Alumina  

Silicic  acid.  

Iron  bicarbonate  


Grains  per 
gallon . 


0.  13 

1.  16 
.76 

Trace. 
.79 

12. 65 
5.47 
.005 
.59 
.06 


That  the  water  comes  from  a  more  elevated  situation  is  apparent 
from  the  fact  that  it  begins  to  flow  as  soon  as  the  sandstone  is  struck. 
It  attains  a  final  head,  however,  of  but  5  feet  above  the  well  mouth. 
A  temperature  of  52^  F.  is  maintained  throughout  the  year.  The 
analysis  shows  a  considerable  amount  of  temporary  hardness,  ex- 
pressed in  the  analysis  by  18.12  grains  of  calcium  and  magnesium 
bicarbonates  to  the  gallon.  Some  complaint  is  made  of  this  by  persons 
using  the  water  for  steam  production.  Local  changes  in  the  rainfall  of 
the  region  do  not  seem  to  affect  the  production  of  the  well. 

In  1893,  4  acres  of  ground  in  the  river  bottom  and  adjacent  to  the 
location  of  well  No.  1  were  purchased,  and  five  new  wells  were  drilled 
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here.  All  are  6  incbes  in  diameter  and  200  feet  deep.  Well  ^o.  2  found 
CO  feet  of  drift,  while  in  another  but  12  feet  were  found,  and  in  a  third 
location  the  drift  was  penetrated  to  a  depth  of  150  feet  without  reach- 
ing bottom.    The  location  was  on  this  account  abandoned. 

It  was  at  first  proposed  to  place  all  the  wells  near  together  to  secure 
the  greatest  economy  in  pumping,  but  after  four  were  sunk  it  became 
evident  that  the  wells  affected  each  other,  consequently  longer  distances 
were  established  between  the  wells  already  drilled  and  the  two  remain- 
ing. Well  No.  5  was  located  at  least  600  feet  from  the  nearest  of  the 
old  wells,  and  well  No.  G  about  1,000  feet  from  any  other.  The  quality  of 
water  from  all  the  wells  is  counted  identical,  but  the  several  wells  vary 
to  a  considerable  degree  in  their  i)roduction.  Where  the  grain  of  the 
sandstone  grows  finer  the  production  is  correspondingly  diminished. 

The  capacity  of  the  system  has  never  been  fully  tested.  The  maxi- 
mum production  reached  thus  far  is  1,000,000  gallons  per  diem. 

The  water  seems  to  meet  all  hygienic  demands.  Not  a  single  case 
of  typhoid  fever  is  known  to  have  occurred  where  the  city  water  has 
been  exclusively  used.  This  scourge  is  not  of  rare  occurrence  in  parts 
of  the  town  which  depend  on  wells  or  other  local  supply. 

At  the  grounds  of  the  new  asylum,  IJ  miles  south  of  the  court-house, 
two  6-inch  wells  have  been  drilled  to  a  depth  of  250  feet.  They  yield  a 
good  volume  of  water,  but  it  does  not  rise  higher  than  190  feet  in  the 
pipes,  which  is  60  feet  below  the  surface.  The  water  has  not  been 
analyzed,  to  my  knowledge,  but  for  some  reason  it  was  reported  as 
distasteful  to  the  workmen  employed  in  the  construction  of  the 
buildings. 

CUYAHOGA  FALLS. 

This  village  has  thus  far  provided  no  public  water  supply,  but  never- 
theless it  relies  almost  entirely  upon  rock  water.  The  Sharon  conglom- 
erate appears  in  great  force  in  this  region,  and  the  Cuyahoga  River 
has  cut  a  post-Glacial  valley  through  it,  50  to  100  feet  deep,  providing 
everything  that  can  be  asked  in  the  way  of  natural  sections.  Thin 
layers  of  clay  are  occasionally  inters tratified  with'  the  pebble  and  sand- 
stone beds,  and  some  of  them  are  persistent  enough  to  make  local 
water-bearing  horizons.  There  seems  to  be  one  of  these  horizons  about 
60  feet  below  the  general  level  of  the  village,  to  which  the  x)rivate  wells 
which  supi)ly  most  of  the  i)eople  with  water  are  generally  sunk. 

Throughout  the  entire  territory,  but  x^articularly  in  the  higher  por- 
tions of  the  valley,  beds  of  drift  are  found  which  sometimes  reach  a 
thickness  of  50  to  75  feet,  but  do  not  often  exceed  30  feet.  They  con- 
sist largely  of  sand,  derived  from  both  the  Glacial  and  pre- Glacial 
waste  of  the  great  conglomerate  ledge  which  makes  the  surface  rock 
of  this  entire  district.  Deposits  of  clay  carrying  more  or  less  calcare- 
ous matter  are,  however,  occasionally  found  in  the  drift  series. 

Springs  are  of  frequent  occurence  along  the  natural  outcrops,  or  sec- 
tions rather,  of  the  conglomerate.    One  of  tine  volume  is  almost  central 
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in  its  location.  The  water  of  most  of  them  contains  lime,  though  not 
in  large  amount.  The  springs  niidoubtedly  derive  this  element  from 
the  drift  beds  through  which  almost  all  even  of  the  sandstone  water  is 
obliged  to  pass. 

Well-considered  plans  for  a  complete  water  supply  for  the  village, 
prepared  by  a  competent  and  experienced  engineer,  Mr.  John  Paul, 
have  already  been  approved  by  a  majority  of  three  to  one  on  a  popular 
vote.  It  is  probable  that  these  plans  will  be  carried  out  in  the  imme- 
diate future. 

CARBONIFEROUS  SYSTEM. 

The  water  supply  of  the  large  and  varied  rock  system  that  we  are 
now  to  consider  stands  by  itself  in  this  respect,  viz,  that  while  heavy 
beds  of  sandstone,  some  of  them  coarse  and  conglomeratic,  which  would 
serve  an  admirable  purpose  as  reservoirs,  are  included  in  it,  the  system 
contains  so  many  impervious  beds,  in  layers  and  bands  of  fire  clay  and 
in  strata  of  shale  and  limestone,  that  no  adequate  x)rovision  is  found 
for  filling  the  reservoirs,  or,  at  least,  for  constantly  replenishing  them 
where  they  are  made  the  basis  of  a  x)ublic  water  supj)ly.  For  this  rea- 
son, the  entire  series  must  be  pronounced  poor  in  rock  water.  Supi)lies 
for  dwellings  and  farms  can  be  secured  almost  everywhere,  and  in  the 
majority  of  instances  the  character  of  the  water  obtained  is  all  that 
could  be  asked,  but  any  considerable  and  growing  towns  that  are  located 
within  the  boundaries  of  this  formation,  if  forced  to  rely  on  rock  water, 
are  confronted  with  a  difficult  problem  in  the  matter  of  an  adequate 
supply.  Illustrations  of  the  facts  involved  will  be  found  in  the  few 
instances  in  which  the  trials  have  been  already  made. 

It  is  to  be  further  noted  that  the  towns  nearest  to  the  boundary  of 
the  formation  are  more  favorably  situated  in  this  respect  than  those 
that  lie  well  within  the  Coal  Measures,  for  upon  the  boundary  uncov- 
ered areas  of  the  great  sandstones  that  belong  in  the  series  are  more 
likely  to  be  found. 

It  is  also  to  be  observed  that  the  drift  beds,  which  are  the  great 
storage  basins  of  the  rainfall  for  such  portions  of  the  {State  as  they 
occupy,  are  entirely  wanting  over  most  of  the  Carboniferous  territory. 
The  proximity  of  the  glacial  boundary,  Avith  its  beds  of  drift,  serves  much 
the  same  jmrpose  as  the  outcrops  of  the  sandstones. 

On  the  other  hand,  most  of  the  cities  and  larger  villages  situated 
within  the  Coal  Measures  find  easy  a(;cess  to  the  great  waterways  of  the 
State,  and  have  it  in  their  power  to  obtain  ample  and,  by  the  use  of 
adequate  systems  of  purification,  safe  water  supplys  from  the  rivers  in 
the  valleys  of  which  they  are  situated.  In  vsuch  a  list  are  to  be  found 
Youngstown,  East  Liverpool,  Steuben ville,  Bellaire,  Pomeroy,  Marietta, 
Iron  ton,  Zanesville,  and  Coshocton — in  other  words,  the  ])rincipal  towns 
in  the  Ohio  Valley  and  on  Muskingum  liiver,  the  largest  tributary  of 
the  Ohio. 
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CANTON. 

This  town,  while  well  within  the  Coal  Measures,  lies  upon  the  main 
terminal  moraine  of  the  State,  and  derives  considerable  advantage  in 
respect  to  its  water  supply  from  this  fact.  All  the  territory  to  the 
northward  of  the  city  is  drift  covered,  and  heavy  dei:)osits  of  gravel 
and  gravelly  clay  are  common  here,  from  which  small  lakes  and  spring- 
fed  streams  derive  their  waters.  The  streams  that  run  through  Can- 
ton are  the  several  forks  of  the  Mmishillen,  which  is  an  imjiortant 
tributary  of  the  Tuscarawas  Eiver,  but  these  take  more  or  less  drain- 
age from  coal  mines  and  clay  works,  and  also  from  the  farming  dis- 
tricts through  which  they  ])ass.  Certainly  the  water  which  they  bring 
to  the  city  is  more  or  less  impure  and  unsatisfactory.  Along  two  of 
the  main  branches  of  the  Mmishillen,  above  the  town,  swamps  of  con- 
siderable size  occur,  and  when  the  water  question  was  first  discussed 
by  the  city  these  were  believed  to  be  underlain  by  considerable  deposits 
of  drift  gravel,  from  which  it  was  thought  that  water  could  easily  be 
obtained  in  large  amount.  The  results  of  exploration  have  not  justi- 
fied these  expectations. 

Eight  years  ago  necessity  compelled  the  city  to  act  in  the  matter  of 
public  water  supi)ly.  Attention  was  first  turned  to  the  nearest  of  the 
swamps  already  alluded  to,  viz,  that  on  the  west  fork  of  the  creek, 
about  2  miles  above  the  city  limits.  The  record  of  the  drilling  at  this 
point  showed  6  feet  of  black  muck,  5  feet  of  clay,  and  but  4  feet  of 
sand  and  gravel,  below  which  the  bed  rock  was  struck. 

The  first  stratum  reached  was  the  well-known  Lower  Mercer  lime- 
stone. It  was  3  feet  thick,  and  next  below  it  came  60  feet  of  shale, 
called  ''slate"  by  the  driller.  Then  50  feet  of  sandstone  occurred,  in 
which  a  moderate  stock  of  water  was  found.  Another  and  heavier 
deposit  of  shale  was  next  recorded,  below  which  a  second  sandstone  of 
the  same  thickness  as  the  first,  viz,  50  feet,  was  met,  and,  like  the  first, 
carried  a  stock  of  water.  The  first  well  was  carried  to  a  depth  of  365 
feet,  but  no  additions  to  the  water  supply  were  made  below  275  feet, 
and  consequently  all  the  subsequent  borings  were  limited  to  this  depth. 
The  water  rose  under  artesian  pressure,  but  did  not  flow  from  the  sur- 
face of  the  trial  well. 

Thirtj^-five  wells  have  since  been  added  to  the  first,  the  record  of 
which  has  been  partially  given  above.  They  ail  strike  the  water  hori- 
zons reached  by  well  ^o.  1.  In  all,  artesian  pressure  was  manifest,  and 
in  four  of  the  number  the  water  flowed  from  the  well  mouth,  but  in  a 
feeble  stream.    The  head  of  pressure  in  no  case  exceeded  2  feet. 

These  wells  are  divided  into  two  groups,  viz,  6  in  the  northern  part 
of  the  field  and  28  in  the  southern  part;  but  their  total  i^roduction 
does  not  exceed  1,000,000  gallons  per  diem,  which  is  an  average  of  less 
than  30,000  gallons  to  the  well.  But  this  amount  is  only  one-third 
of  the  demand  of  the  city.    Consequently,  two-thirds  of  the  supply 
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is  drawn  from  the  raw  water  of  the  West  Branch.  The  character 
of  this  water  has  been  already  noted,  and  by  its  admission  to  the  city 
supply  the  quality  of  the  whole  is  unfavorably  affected. 

The  rock  water  is  known  as  "  race  water,"  because  it  comes  to  the 
pumping  station  through  an  old  mill  race.  The  yield  of  the  wells  does 
not  appear  to  have  been  reduced  since  they  were  first  drilled;  but  as 
the  city  has  been  growing  rapidly  meanwhile,  the  supply  has  become 
inadequate,  and  its  inadequacy  becomes  more  and  more  noticeable. 

The  waterworks  board  has  recently  been  considering  an  increased 
supply  of  water  of  the  best  available  quality,  and  has  directed  its 
attention  to  the  Middle  Fork  of  Nimishillen  Creek.  The  drainage  area 
of  this  stream  is  45  miles,  against  35  square  miles  for  the  West  Branch. 
It  was  also  hoped  that  larger  deposits  of  gravel  would  be  found  in  this 
valley  than  in  the  valley  to  the  westward.  Two  wells  have  been 
located  in  the  new  field,  but  the  results  of  the  exploration  have  thus 
far  been  in  some  respects  disappointing.  The  bedded  rocks  were  found 
at  a  like  shallow  depth,  as  in  the  western  valley.  The  sections  of  two 
drift  wells  are  as  follows : 

Sections  of  wells  in  the  valley  of  the  Middle  Fork  of  Nimishillen  Creek. 


Material. 


Sand  and  gravel 

Sand  rock  

Shale  

Sand  rock  

Total  


No.  1. 

No.  2. 

Feet. 

Feet. 

14 

19 

10 

8 

49 

48 

48 

55 

121 

130 

The  lower  sand  rock  proved  in  both  wells  to  be  a  much  more  vigor- 
ous source  of  water  than  the  sandstones  of  the  western  wells.  In  both 
there  is  an  artesian  head  of  G  feet,  and  on  a  pumping  test,  continued 
for  several  hours,  well  ISo.  1  produced  150  gallons  per  minute,  and  well 
^o,  2,  240  gallons  per  minute.  These  figures  are  at  the  rate  of  216,000 
and  345,000  gallons  per  day,  respectively,  or  nearly  ten  times  the  pro- 
duction of  the  first  series  of  wells.  The  water  in  the  casing  was  low- 
ered by  the  pumping  test  a  few  feet,  but  in  well  No.  2  it  flowed  again 
from  the  wellhead  twenty- two  minutes  after  a  test  of  three  hours  had 
been  completed.  This  source  has  not  yet  been  added  to  the  city  sup- 
ply, but  it  is  full  of  promise  in  this  regard. 

The  waterworks  and  sewage-purification  plant  of  the  city  are  under 
the  charge  of  Mr.  L.  E.  Ohapin,  city  engineer,  who  has  an  excellent 
reputation  throughout  eastern  Ohio  in  these  lines  of  work. 

The  experience  of  Canton  is  typical  and  representative  for  the  Coal 
Measure  territory,  except  tliat  the  production  of  the  Middle  Fork  wells 
is  better  than  most  towns  have  reason  to  expect. 
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LOUISVILLE. 

This  village  is  small,  but  it  lias  wisely  provided  its  people  with  public 
water.  Two  w^ells  have  been  drilled,  114  feet  in  depth  and  G  inches  in 
diameter.  They  have  proved  eminently  successful  in  every  respect. 
They  are  found  to  yield  750,000  gallons  in  twenty  four  hours,  and  the 
quality  of  the  water  is  approved.  The  village  lies  within  the  drift  area 
of  the  State,  and  doubtless  receives  some  advantage  from  this  fact. 

CARROLLTON. 

From  Mr.  L.  E.  Ohapiu,  who  constructed  the  works  for  this  village,  it 
is  learned  that  five  wells  have  been  drilled  for  i^ublic  supply,  each  100 
feet  deep  and  10  inches  in  diameter.  The  surface  deposits  in  the  valley, 
where  the  wells  were  sunk,  were  found  to  be  40  feet  thick.  The  best  of 
the  wells  has  been  found  to  produce  7,000  gallons  an  hour,  which  is  at 
the  rate  of  168,000  gallons  a  day.  But  pumping  at  this  rate  makes 
too  heavy  a  draft  upon  the  stock  of  rock  water,  as  is  seen  by  the  rapid 
reduction  of  its  level  in  the  pipes.  The  wells  obtain  their  water  from 
the  sandstones  of  the  Lower  Productive  Coal  Measures,  and  presum- 
ably from  the  Kittanning  sandstones.  The  water  in  these  wells  rises 
under  artesian  pressure  but  does  not  flow. 

CADIZ. 

The  following  facts  as  to  the  public  supply  of  Cadiz  have  been 
gathered  from  the  report  of  the  State  board  of  health  for  1895 : 

The  village  water  works  were  established  under  the  direction  of  Mr. 
L.  E.  Chapin,  consulting  engineer. 

Five  wells  have  been  drilled  for  the  public  supply  to  a  depth  of  212 
feet.  The  wells  are  of  different  diameters,  one  being  8  inches  and  the 
others  5f  inches,  which  is  the  usual  size  of  oil  wells.  The  average 
I)roduction  of  the  system  is  about  250,000  gallons  per  diem.  But  this 
amount  is  somewhat  in  excess  of  the  natural  production  of  the  rocks, 
as  is  shown  by  the  fact  that  the  level  of  the  water  is  drawn  down  fully 
100  feet. 

COLUMBIANA. 

This  town  introduced  a  public  water  supply  in  1895,  an  account  of 
which  is  given  in  the  report  of  the  State  board  of  health  of  that  year. 
The  wells  are  72  feet  deep,  the  uppermost  22  feet  of  the  section  being 
unconsolidated  materials  and  the  lower  50  feet  being  in  sandstone. 
The  water  rises  in  the  wells  to  within  4  feet  of  the  surface.  In  tests 
that  have  been  made  the  production  of  a  single  well  has  been  found  to 
be  a  little  more  than  3,000  gallons  an  hour,  which  is  at  the  rate  of  about 
75,000  gallons  a  day.  The  sandstone  from  which  the  water  is  derived 
is  some  division  of  the  Lower  Productive  Measures. 
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FLOWmG  WELLS. 
PRELIMINARY  STATEMENT, 

As  stated  in  the  introductory  paragraphs  of  this  report,  only  those 
flowing  wells  of  the  State  are  to  be  treated  here  that  are  found  in  con- 
siderable areas,  that  derive  their  water  from  a  considerable  depth,  and 
that  have  also  considerable  head  of  pressure.  To  render  these  quahfy- 
ing  terms  serviceable  it  becomes  necessary  to  specify  more  particularly 
what  they  severally  cover.  The  areas  to  be  considered  will  range  from 
5  square  miles  upward,  the  largest  probably  not  exceeding  25  or  30 
square  miles.  The  head  of  pressure  in  the  regions  to  be  reviewed  is 
seldom  less  than  5  feet,  and  is  often  several  times  this  amount.  The 
depth  of  the  wells  generally  ranges  between  50  and  250  feet,  but  in  a 
few  instances  account  is  taken  of  wells  of  even  less  than  50  feet. 

The  wells  of  the  class  now  to  be  discussed  belong  entirely  to  the 
drift.  It  is  true  that  some  of  them  derive  their  water  from  the  upper- 
most beds  of  deeply  buried  rock  strata,  but  it  is  mainly  the  arrange- 
ment and  disposition  of  the  drift  beds,  after  all,  that  gives  the  artesian 
character  to  these  fields. 

The  facts  as  to  the  actual  elevation  of  the  rocky  floor  of  the  State  in 
the  regions  which  have  been  overrun  by  the  glacial  drift  are  of  great 
interest.  They  involve  the  large  questions  of  the  pre-Glacial  drainage 
systems  of  large  parts  of  Ohio,  and  thus  lead  us  to  some  surprising 
and  unexpected  conclusions.  The  work  of  investigation  is  still  going  on, 
but  it  seems  to  be  already  established  that  the  Ohio  Eiver,  as  we  now 
know  the  stream,  is  of  recent  origin,  and  that  the  main  volume  of  water 
gathered  in  it  at  the  present  time  originally  flowed  across  the  State  to 
the  northward  as  far  at  least  as  Auglaize  and  Mercer  counties,  where 
it  turned  to  the  westward,  toward  the  present  lines  of  Wabash  drainage 
in  Indiana.  The  facts  that  support  such  a  conclusion,  so  far  as  central 
and  northwestern  Ohio  are  concerned,  have  been  principally  accumu- 
lated through  records  of  the  deep  wells  drilled  for  oil  and  gas  during 
the  last  twelve  years.  Wells  have  been  sunk  by  the  hundred  in  the 
regions  referred  to,  and  if  the  facts  as  to  the  thickness  of  the  drift  had 
been  carefully  recorded  as  discovered  by  tlie  driller,  the  records  would 
have  i)roved  of  priceless  value  to  the  geologist.  As  it  is,  multitudes  of 
these  records  have  been  lost  beyond  recovery.  The  great  oil  companies, 
however,  have  kept  records  that  are  even  now  available,  and  for  many 
hundreds  of  wells,  located  accurately  so  far  as  the  particular  fraction 
of  the  quarter  section  in  which  they  were  drilled  is  concerned,  we  can 
learn  the  exact  thickness  of  the  drift.  The  drilling  of  water  wells  has 
in  some  cases  added  valuable  facts  to  this  series,  as  will  presently 
appear. 

It  is  becoming  increasingly  evident  that  connected  investigations  are 
necessary  for  the  final  determination  of  these  questions.  But  inasmuch 
as  the  discovery  of  the  particular  localities  where  the  rocky  floor  has 
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been  deeply  eroded  is  altogether  haphazard  and  accidental,  depending 
on  the  caprice  of  the  driller  in  locating  his  wells,  the  exact  courses  of 
the  old  drainage  systems  can  not  be  settled  at  i)resent.  It  is  not  too 
much  to  expect,  however,  that  their  general  direction  can  be  made  out 
with  a  good  degree  of  confidence.  What  is  needed  in  this  connection 
is  a  model,  or  at  least  the  data  for  a  model,  of  the  rocky  iloor  of  the 
State.  In  the  region  where  drilling  has  been  carried  on  most  largely 
sufficient  data  are  already  available  for  this  jwrpose.  The  elevations 
of  the  rocky  floor  above  tide  can  be  determined  for  many  consecutive 
miles,  and  the  general  direction  of  the  old  valleys  can  thus  be  clearly 
established.  The  State  could  do  no  better  work  in  connection  with  its 
geology  than  to  make  use  of  all  accessible  data  of  this  kind  at  once  in 
constructing  a  model  of  the  rocky  floor  of  northwestern  Ohio. 

It  is  possible,  however,  that  the  question  may  be  complicated  by 
recent  warpings  of  the  earth's  crust.  We  know  that  in  New  York  and 
Ontario,  at  least,  there  has  been  considerable  differential  movement  of 
thei  surface  since  the  disappearance  of  the  glacial  ice. 

FLOWING  WELLS  OF  NORTHWESTERN  OHIO. 

The  best-known  fields  of  flowing  waters  within  the  State  are  to  be 
found  in  its  extreme  northwestern  corner,  viz,  in  Williams,  Defiance, 
and  Fulton  counties.  Several  subordinate  divisions  of  this  flowing- 
well  territory  are  to  be  recognized,  one  Including  Bryan,  another 
Hicksville,  a  third  West  Unitj^,  while  still  other  districts  are  to  be 
found  in  the  southeastern  and  northwestern  townships  of  Fulton 
County.  Several  minor  divisions  will  also  be  discussed.  Whether  all 
these  districts  deserve  to  be  considered  together  as  parts  of  one  gen- 
eral field  is  not  established.  They  have  been  so  regarded  generally  by 
the  more  intelligent  observers  of  the  region,  and  have  usually  been 
referred  to  an  ancient  water  course  or  buried  river  channel  that  could 
be  followed  by  means  of  these  fountains  from  the  western  end  of  Lake 
Erie  to  the  Indiana  line.  Dr.  Wood,  a  former  resident  of  Toledo, 
thought  he  could  trace  by  means  of  flowing  wells  an  ancient  channel 
through  the  whole  interval.  As  he  regarded  it,  this  river  must  have 
been  a  tortuous  one,  and  it  would  now  be  considered  much  more  so  if  it 
were  made  to  include  all  the  flowing  wells  that  have  since  been  devel- 
oped. The  breadth  of  this  old  valley  would,  on  such  an  identification, 
be  considerable,  if  measured  by  a  line  at  right  angles  to  the  main  trend 
of  the  fountain  belt.    In  some  instances  it  would  reach  6  or  8  miles. 

In  general  terms,  it  is  true  that  the  best  characterized  flowing- well 
territory  extends  in  a  northeast  direction  from  Hicksville,  by  way  of 
Bryan,  to  the  south  of  West  Unity  and  into  Gorham  and  Chesterfield 
townships  of  Fulton  County.  The  territory  continues  to  the  northeast 
into  Lenawee  County,  Michigan,  in  one  x)art  of  which  almost  every  farm 
has  a  fountain.  The  following  townships  are  included  in  the  above- 
named  belt:  In  Defiance  County,  Hicksville,  Mark,  Farmer,  and  Wash- 
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ingtou;  in  Williams  County,  Pulaski,  Center,  Springfield,  and  Brady; 
in  Fulton  County,  Franklin,  Gorham,  Chesterfield,  and  Dover.  By 
geograpliical  rights,  German  township,  of  Fulton  County,  should  be 
added  to  the  list,  but  no  record  of  flowing  wells  within  its  limits  has 
come  to  hand.  But  even  if  fountains  are  at  present  wanting,  it  may 
well  be  because  proper  effort  has  not  been  made  to  develop  them. 

The  main  belt  can  also  be  described  as  extending  along  the  course  of 
Tiffin  River  (Bean  Creek).  Several  of  the  townships  named  are  trav- 
ersed by  this  stream. 

The  topography  of  this  entire  region  is  simple.  The  surface  approx- 
imates a  plain,  but  there  is  fall  enough  in  almost  every  part  of  the  dis- 
trict named  to  give  good  current  to  the  surface  drainage.  In  any  case 
the  valleys  of  the  region  are  but  shallow  furrows  in  the  drift. 

The  altitude  of  a  few  of  the  principal  points  above  tidewater  will  be 
given  here,  derived  from  the  railroad  elevations  at  the  stations  named: 
Hicksville,  762  feet;  Mark  Center,  731  feet;  Bryan,  767  feet;  Stryker, 
175  feet;  West  Unity,  775  feet  (approximately).  The  inclination  of  the 
general  surface  is  southeastward,  but  the  principal  streams  of  Williams 
County  flow  southwestward.  The  ])art  of  Defiance  County  included  in 
this  belt  delivers  its  surface  drainage  to  the  Maumee  River. 

The  most  marked  features  of  the  district  are  moraines  of  the  Glacial 
X>eriod  and  old  beaches  of  Lake  Erie.  Several  of  these  moraines  and 
beaches  cross  the  counties  named,  exercising  a  great  influence  upon 
the  surface  drainage. 

The  geology  of  the  district  is  as  monotonous  as  any  area  made  up  of 
the  glacial  drift  can  be.  The  thickness  of  the  drift  beds  generally 
ranges  between  75  and  150  feet,  and  no  outcrop  of  the  underlying  rocks 
occurs.  The  first  sheet  of  rock  that  is  struck  after  the  drift  beds  have 
been  penetrated  is  the  great  shale  formation  known  in  our  geology  as 
the  Ohio  shale.  We  nowhere  find  in  this  part  of  the  State  the  normal 
cover  of  the  shale,  and  can  not  therefore  determine  its  full  thickness, 
but  in  adjacent  counties  of  Michigan  and  Indiana  entire  sections  occur, 
and  we  learn  from  them  that  the  normal  volume  of  the  shale  series  in 
this  part  of  the  country  is  less  than  300  feet,  perhaps  not  much  above 
200  feet.  At  Delta  a  section  of  133  feet  was  found  by  the  drill;  at 
Wauseon,  194  feet,  and  at  Bryan,  157  feet. 

In  the  field  now  under  consideration  we  seldom  meet  more  than  100 
feet  of  the  shale,  and  it  is  often  reduced  to  25  or  30  feet.  From  these 
facts  we  learn  that  the  larger  portion  of  the  sliale,  besides  its  normal 
cover,  was  eroded  during  pre-Glacial  time.  Such  a  fact  need  occasion 
no  surprise,  for  the  shale  is  a  soft  rock  and  obviously  an  easy  prey  to 
erosive  agencies.  Moreover,  the  time  during  which  it  stood  exposed 
to  atmospheric  waste  was  certainly  long,  aggregating  many  millions  of 
years. 

The  drift  is  composed  largely  of  bowlder  clay,  yellow  at  the  surface 
and  blue  below;  but  all  of  the  country  that  is  here  considered  was 
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subsequently  overrun  for  protracted  periods  by  the  waters  of  Lake 
Erie,  when  tliey  stood  200  feet  higher  than  at  present,  and  a  blan- 
ket of  lacustrine  deposits,  viz,  the  first  and  second  beaches,  consti- 
tutes the  present  surface.  In  these  last-named  formations  we  find 
stratified  clays,  sands,  and  gravels,  with  a  sparing  distribution  of  bowl- 
ders. This  blanket  does  not  reach  a  great  thickness  in  any  part  of  the 
field.  It  is  Yery  irregular,  but  its  deposits  seldom  exceed  20  feet  in 
thickness.  The  prevailing  and  characteristic  feature  of  the  blanket  is 
lake-sand,  the  beds  of  which  give  rise  to  multitudes  of  shallow-water 
wells,  upon  which  much  of  the  country  when  first  occupied  entirely 
depended. 

The  bowlder  clay  carries  within  it  many  lenticular  beds  of  sand  and 
gravel,  which  sometimes  reach  the  surface.  Some  beds  receive  and 
store  rainfall  and  discharge  water  in  the  shape  of  springs.  A  very  fine- 
grained clay,  free  from  pebbles  and  grit,  is  occasionally  met  with.  It 
is  as  tenacious  as  wax  and  makes  trouble  for  the  driller  when  encoun- 
tered in  wells.    It  is  called  the    beeswax  clay." 

Another  and  constant  element  is  what  is  called  by  the  driller  hard- 
pan.^'  It  consists  of  gravel,  fine  and  coarse,  with  the  spaces  between 
the  pebbles  packed  close  with  clay.  The  hardpan  does  not  admit  the 
passage  of  water  and  is  consequently  always  dry.  It  occurs  in  beds 
of  10  to  40  feet. 

The  lowest  formation  of  the  drift  series  is  a  streak  of  gravel,  the 
constituent  fragments  of  which  vary  greatly  in  size.  Some  of  the 
pebbles  are  3  or  4  inches  in  diameter;  others  are  of  the  size  of  grains 
of  wheat  or  even  smaller.  This  is  the  water-bearing  stratum  of  the 
country,  on  which  most  of  the  fountains  absolutely  depend  for  their 
supply. 

Next  to  the  rock,  a  streak  of  cemented  ( gravel  is  sometimes  met. 
It  never  exceeds  a  few  inches  in  thickness.  This  horizon  when  found, 
is  also  water-bearing.  In  considerable  districts  all  wells  obtain  their 
supply  from  the  upper  surface  of  the  shale,  and  many  fountains  have  the 
same  source..  This  water  is  often  slightly  saline  and  more  frequently 
sulphureted. 

The  several  fields  will  now  be  briefly  described. 

BRYAN. 

This  is  the  best  known  field  of  flowing  water  in  Ohio,  and  no  district 
has  thus  far  found  a  better  or  more  durable  water  supply.  In  its  early 
days  the  village  had  much  difliculty  in  obtaining  water  for  domestic 
use.  Shallow  wells  were  the  entire  dependence  of  the  first  settlers, 
but  the  water  thus  obtained  necessarily  became  contaminated  by  sur- 
face imi)urities  and  the  healtli  of  the  people  suffered  much  in  conse- 
quence. In  any  case,  these  wells  were  unable  to  furnish  water  enough 
for  protection  against  fire,  and  by  the  year  1840  it  had  come  to  be 
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recognized  by  all  that  an  improved  water  supply  was  essential  to  the 
prosperity  and  protection  of  the  town. 

The  history  of  the  first  flowing  well,  though  it  goes  back  only  fifty  to 
sixty  years,  is  not  free  from  contradictions  and  discrepancies,  but  a  cir- 
cumstantial account  from  one  source  relates  that  Dr.  William  Trevitt, 
of  Columbus,  who  owned  a  large  number  of  village  lots  and  was  conse- 
quently interested  in  the  growth  and  prosperity  of  the  town,  recognizing 
the  necessity  of  a  new  water  supply,  offered  a  man  named  Wyatt  one 
of  his  lots  if  he  would  find  somewhere  near  the  public  square  better 
water.  Mr.  Wyatt  began  the  search  and  located  a  well  near  the  old 
hotel  at  the  southeast  corner  of  the  court-house  square.  After  laboring 
many  days,  he  left  the  excavation  one  night  with  a  depth  of  43  feet. 
Eeturning  in  the  morning  he  found  the  well  full  to  the  top  and  running 
over.  The  water  was  evidently  from  a  deep  source.  The  problem  was 
solved  and  the  prosperity  of  the  village  was  assured. 

Other  wells  followed  in  short  order.  Most  of  them  were  50  to  60  feet 
deep,  and  they  developed  a  head  of  pressure  varying  from  1  to  6  feet. 
In  some  wells,  however,  the  water  rose,  when  properly  confined,  to  the 
second  stories  of  dwellings.  But  the  village  was  growing  to  the  east- 
ward, and  in  this  direction  the  surface  declined,  becoming  a  few  feet 
lower  than  the  public  square.  Flowing  wells  were  found  at  shallower 
depths  in  this  direction,  and  as  their  number  increased  it  was  found 
that  the  head  of  i)ressure  in  the  older  wells  began  to  decrease.  In 
short,  it  soon  became  evident  that  if  the  town  was  to  retain  flowing 
water  it  would  be  necessary  tb  find  some  new  horizon.  Wells  retaining 
their  artesian  character  were  in  this  new  search  gradually  increased  in 
depth  to  80,  100,  and  125  feet.  In  other  words,  new  veins  had  been 
reached.  It  is  claimed  that  the  quality  of  water  from  these  veins  is 
distinct,  differing  in  amounts  and  kinds  of  mineral  elements  j  but  in 
default  of  analyses  we  must  conclude  that  such  differences  can  not  be 
important. 

About  1893,  the  village  undertook  a  public  water  supply.  A  lot  was 
purchased  and  five  8-inch  wells  were  drilled.  But  the  water-bearing 
stratum  when  struck  proved  to  be  thin  and  the  production  correspond- 
ingly small.  A  new  location  was  accordingly  secured  and  eight  3-inch 
wells  were  drilled  which  found  an  unusually  good  vein  of  water-bearing 
gravel  at  100  to  125  feet.  Every  well  completely  filled  a  3-inch  discharge 
pipe.  The  flow  of  the  strongest  was  measured  and  was  found  to  yield 
80  gallons  a  minute,  or  more  than  100,000  gallons  a  day.  The  entire 
series  jiroduces  240  gallons  a  minute;  but  this  production  has  affected 
the  other  wells  within  and  around  the  corporation,  destroying,  as  a  rule, 
their  artesian  character. 

In  Pulaski  township,  outside  of  the  corporation  of  Bryan,  not  less 
than  200  fountain  wells  have  been  drilled  from  first  to  last.  Though 
called  by  this  name,  not  all  are  really  living  fountains  at  the  present 
time,  but  all  have  been  such  at  an  earlier  date,  and  the  water  still 
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rises  nearly  to  the  surface.  On  farms  at  a  distance  of  several  miles 
from  the  village  the  old  conditions  are  best  preserved. 

The  total  thickness  of  the  drift  has  been  determined  in  drilling  wells 
for  gas  and  oil  in  and  near  the  town  during  the  last  ten  years.  Four 
examples  show  the  length  of  drive  pipe  to  be  respectively  146, 154, 176, 
and  157  feet.    These  thicknesses  cover  a  range  of  a  mile  or  more. 

Water  is  found  in  the  liDiestone  series  underlying  the  shale  in  con- 
siderable quantity,  and  the  limestone  water  is  also  artesian,  rising  18 
to  20  feet  above  the  surface  of  the  ground.  That  obtained  in  the 
upper  beds  of  the  limestone  is  generally  potable,  but  sulphur  water  is 
soon  reached  as  the  drill  descends.  These  facts  are  in  keeping  with 
the  geological  character  of  the  Corniferous  and  Onondaga  limestones, 
as  previously  described.  From  one  of  these  deep  wells  an  extraordi- 
nary volume  of  water  was  produced,  keeping  a  6-inch  pipe  completely 
filled  with  its  flow.  Sulphureted  water  is  occasionally  found  in  drift 
springs  in  the  neighborhood.  Such  cases  would  seem  to  be  in  some 
way  connected  with  the  shale  system  that  underlies  the  country  or 
possibly  with  large  masses  of  shale  in  the  drift. 

The  Bryan  district  has  enjoyed  and  still  enjoys  in  its  fountain  wells 
a  great  advantage  over  much  of  the  surrounding  country.  They  add 
to  the  value  of  farming  lands,  and  especially  to  their  salable  quality. 
It  would  be  hard  to  overrate  the  convenience  and  serviceability  of  such 
a  water  supply. 

STRYKER. 

This  village  is  located  in  Springfield  township,  7  miles  east  of  Bryan; 
but  while  there  are  many  flowing  wells  in  the  township,  the  conditions 
of  their  flow  differ  to  some  extent  from  those  reported  in  the  township 
previously  described. 

Well-diggers  of  large  experience  and  thoroughly  acquainted  with 
the  region  estimate  the  number  of  flowing  wells  in  this  township  as 
but  little,  if  any,  less  than  100.  From  the  same,  sources  the  general 
section  of  the  drift  of  this  region  has  been  obtained.    It  is  as  follows : 

General  section  of  drift  near  Stryker,  Ohio. 


Feet. 

Soil  aud  subsoil   2  to  5 

Yellow  clay   10  to  15 

Blue  clay   40  to  60 

Hardpan   15  to  40 

Water-bearing  gravel   0  to  30 

Ohio  shale  struck  at   140  to  150 


When  a  bed  of  clay  is  found  below  the  hardpan  it  is  generally  of  the 
^'beeswax"  variety,  already  described,  i.  e.,  fine  grained  and  free  from 
pebbles.  Water  is  sometimes  found  on  top  of  the  hardpan  as  well  as 
below.  In  such  cases  there  are  a  few  inches  at  least  of  sand  or  gravel 
covering  the  hardpan;  but  in  most  instances  in  this  township  the 
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uppermost  beds  of  slate  constitute  the  real  water-bearer.  It  is  in  this 
fact  that  the  difi'erence,  referred  to  above,  between  the  wells  of  Spring- 
field and  Pulaski  townships  lies.  The  driller  does  not,  as  a  rule,  go 
more  than  10  feet  into  the  shale.  Experience  has  shown  that  if  good 
water  is  not  found  within  this  limit  it  is  not  likely  to  be  found  at  all. 
The  water  derived  from  the  shale  is  generally  counted  less  hard  than 
the  water  from  the  drift  gravels,  but  no  analyses  are  at  hand  to  estab- 
lish or  disprove  the  claim.  On  its  face  it  seems  improbable,  as  all  the 
water  borne  by  the  shale  must  have  come  through  the  drift.  The 
shale  water,  when  obtained  from  the  formation  below  its  uppermost 
beds,  is  generally  charged  with  sulphureted  hydrogen.  It  is  also 
saline  in  many  instances. 

The  wells  unquestionably  grow  weaker  as  their  number  is  multiplied. 
One  well  often  cuts  off  several  that  have  preceded  it  in  the  same  neigh- 
borhood. For  example,  the  mill  well  in  the  village  is  155  feet  in  depth. 
When  worked  hard  the  other  wells  of  the  village  cease  to  flow.  But 
the  mill  well  is  not  drawn  upon  during  the  night  and  by  morning  all 
the  wells  recover  their  head  and  resume  their  flow. 

In  a  few  instances  the  drill  has  been  carried  deep  enough  to  deter- 
mine the  thickness  of  the  Ohio  shale.  Though  there  is  considerable 
variation  in  this  stratum,  the  cases  in  this  township  are  few  in  which  it 
exceeds  100  feet. 

In  a  well  that  was  being  sunk  in  the  village  in  the  fall  of  1896  an 
opportunity  was  aflbrded  to  examine  the  hardpan  which  had  just  been 
reached.  It  consisted  of  fine  gravel  of  the  size  of  wheat  grains,  dis- 
tributed through  a  compact  bed  of  clay.  Bowlders  are  sometimes 
struck  in  the  hardpan  and  also  in  the  blue  clay.  In  one  well  east  of 
town  the  size  of  a  deep  bowlder  Avas  so  great  that  after  the  derrick 
had  been  moved  5  feet  the  same  obstruction  was  again  encountered. 
The  derrick  was  once  more  moved,  and  in  this  case  3  feet  from  the  first 
station  and  in  an  opposite  direction  from  the  second  trial,  and  the  drill- 
ing then  went  forward  without  obstruction. 

The  original  head  of  pressure  was  never  great,  but  by  the  multitude 
of  fountains  it  has  been  so  reduced  that  the  owners  of  wells  are  obliged 
to  be  satisfied  with  any  flow  of  water  whatever.  But  in  any  case  the 
water  is  always  near  at  hand.    Pumps  have  but  little  lifting  to  do. 

In  1865-1867  a  well  was  drilled  in  town  to  a  depth  of  860  feet  in  the 
search  for  oil.  At  230  feet  a  considerable  volume  of  mineral  water,  of 
very  much  the  same  character  as  the  mineral  water  of  southern  Michi- 
gan, was  struck,  and  it  reached  the  surface  in  geyser  fashion.  Several 
veins  of  gas  had  been  found  at  different  horizons  as  the  drill  descended, 
and  the  gas  rising  with  the  water  caused  it  to  flow  intermittently  after 
the  manner  of  a  geyser,  as  above  indicated.  A  sanitarium  was  erected 
in  the  course  of  a  few  years  to  give  the  people  an  opportunity  to  avail 
themselves  of  the  peculiar  water  yielded  by  the  well.    In  1870  an 
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analysis  of  the  water  \vsis  made  by  Dr.  S.  H.  Douglass^  of  tlie  Univer- 
sity of  Michigan,  and  the  following*  results  were  obtained : 

Analysis  of  water  from  well  at  Stryker,  Ohio. 


Constituent. 


Grains  per 
gallou. 


Chloride  of  iiiagnesinm   118.96 

Chloride  of  sodium  ^  I  281.  86 

Sulphate  of  potassium   185.  34 

Carbonate  of  calcium  '  68.  30 

I 

Carbonate  of  iron   9.  93 

Sulphureted  hydrogen  I  4.  49 

Silica  I  2.  63 


In  a  note  appended,  it  is  mentioned  that  the  amount  of  sulphureted 
hydrogen  originally  present  in  the  water  was  greater  than  the  figures 
above  given  would  indicate. 

In  the  well  the  thickness  of  the  drift  was  found  to  be  129  feet,  and 
from  this  figure  we  can  determine  the  altitude  of  the  upper  surface  of 
the  shale  here.  It  is  58G  feet  above  tide,  and  but  13  feet  above  the 
present  level  of  Lake  Erie. 

WEST  UNITY. 

A  fine  field  of  flowing  water  is  found  along  the  valley  of  Tiffin  River, 
in  Brady  township.  Better  examples  of  tliis  type  of  wells  can  not  be 
asked  for  than  are  to  be  found  on  the  farms  of  Mr.  G.  L.  Martin,  Mr. 
William  Miller,  and  others  in  the  same  neighborhood,  2  to  3  miles  south 
and  east  of  the  village  above  named.  The  depth  of  the  wells  in  this 
district  is  shallower  than  in  other  parts  of  the  county.  On  the  Martin 
farm,  where  there  are  four  flowing  wells,  a  strong  and  persistent  flow 
is  derived  from  28  feet.  Two  of  them,  at  depths  of  43  and  54  feet, 
resi)ectively,  yield  well-marked  sulphureted  water.  The  deepest  flow- 
ing well  of  the  township  reached  the  shale  at  110  feet,  but  the  drill 
went  through  the  shale  to  the  limestone  and  artesian  water  rose  from 
this  last-named  source.  The  shale  was  100  feet  thick.  Its  upper  sur- 
face was,  therefore,  about  625  feet  above  tide.  Whether  this  observa- 
tion is  a  representative  one  there  has  been  no  opportunity  to  determine. 
The  thickness  of  the  drift  is  about  the  same  that  is  generally  reported 
for  the  region,  i.  e.,  100  feet. 

Farther  northeast  are  the  townships  of  Franklin,  Dover,  Gorham, 
and  Chesterfield,  Fulton  County.  This  area  includes  a  large  number 
of  flowing  wells  of  excellent  character.  In  Gorham  township  the  pres- 
sure head  is  sometimes  20  feet.  While  every  trial  is  not  successful, 
success  attends  so  many  undertakings  that  every  farmer  counts  upon 
a  fountain  when  he  drills  a  well  of  even  moderate  depth.    These  same 
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conditious  extend  beyond  the  State  line  into  Michigan.  Almost  every 
farm  in  the  vicinity  of  Morenci,  Lenawee  County,  has  a  good  flowing 
well. 

HICKSVILLE. 

Returning  now  to  the  so-called  belt  of  flowing  water,  we  find  at 
its  southwestern  extremity  one  prominent  division  that  remains  to 
be  described,  viz,  the  Hicks ville  field.  There  are  more  than  fifty  flow- 
ing wells  in  operation  in  this  village  and  township,  and  the  work  of 
testing  the  territory  is  constantly  going  forward,  particularly  when 
summer  droughts  are  upon  the  country. 

The  first  flowing  well  of  tbe  village  was  struck  in  1857  in  the  rear  of 
the  Central  Block,  at  a  depth  of  71  feet.  The  second  well  was  drilled 
a  year  or  two  later  south  of  the  village,  on  the  farm  of  Judge  Patton. 
It  was  only  50  feet  deep,  but  it  proved  entirely  satisfactory.  The 
deeper  water  horizons  of  the  drift  were  not  tested  here  until  1895. 
This  testing  was  done  by  the  village  corporation  in  its  search  for  a 
public  water  supply.  A  beginning  had  been  made  in  this  line  five  years 
before,  when  four  wells  were  drilled  to  a  depth  of  about  40  feet.  They 
X^roved  artesian,  but  their  head  was  feeble  and  their  supply  was  afl'ected 
to  a  dangerous  extent  by  the  droughts  that  occurred.  In  1895,  in  par- 
ticular, the  ground  water  of  northwestern  Ohio  was  greatly  reduced, 
and  the  public  supply  of  Hicksville  was  overtaxed,  so  that  the  village 
authorities  determined  to  sink  deeper  wells.  Two  new  wells  were 
located  near  the  old  ones,  and  instead  of  stopping  at  70  feet  their 
dej^th  was  doubled.  The  result  was  in  every  way  satisfactory.  The 
water  rose  in  large  volume  and  with  a  head  of  pressure  of  11  feet. 

The  Coulter  well  in  the  village  gives  a  clear  section  of  the  general 
arrangement  of  the  drift  beds  for  this  region.  The  well  was  begun  in 
the  old  beach  that  passes  through  the  town  and  was  carried  to  the 
black  waste  which  is  the  immediate  cover  of  the  Ohio  shale.  The 
record  is  as  follows : 

Section  of  uwll  at  Hicksville,  Ohio. 

Feet. 


Sand  and  gravel   9 

Yellow  clay   4 

Quicksand   1 

Blue  clay,  numerous  sand  veins,  5  to  6  inches  thick,  intercalated.. .  94 

Blue  hardpan   19 

Blue  clay  and  sand   15 

Ohio  black  shale  at   142 


The  well  flowed  56  gallons  a  minute,  which  is  at  the  rate  of  80,G10 
gallons,  or  2,200  barrels  a  day. 

MARK  TOWNSHIP. 

This  township,  in  Defiance  County,  is  also  included  in  the  belt  of 
flowing  wells.    A  fine  well  wi\h  struck  one  year  ago,      miles  north  of 
the  center  at  the  Laws  Tile  Works,  and  a  half  mile  west  of  that  point 
19  GEOL,  PT  4  15 


706 


THE  ROCK  WATERS  OF  OHIO. 


another  successful  well  has  been  drilled.  On  the  Coy  farm  a  fountain 
of  unusual  volume  has  recently  been  struck.  All  the  conditions  seem 
similar  to  those  of  Hicksville  township,  and  a  considerable  number  of 
flowing  wells  have  already  been  drilled. 

In  Farmer  and  Washington  townships,  northeast  of  Hicksville  and 
Mark,  fountain  wells  have  abounded  for  the  last  forty  years,  and  it  is 
understood  that  the  conditions  are  similar  here  to  those  in  the  territory 
already  described. 

The  northeast  and  southwest  belt  of  fountain  Avells  already  described 
can  be  followed  still  farther  within  the  limits  of  Ohio.  Carrvall,  the 
northwestern  township  of  Paulding  County,  adjoining  Hicksville,  has 
flowing  wells  by  the  score,  and  their  occurrence  stands  for  a  measure 
of  uniformity  in  the  geological  conditions  of  the  region  so  favored.  It 
is  in  the  northern  portions  of  the  township,  and  largely  in  sections  2,  3, 
4,  5,  10, 11,  that  the  fountains  have  chiefly  been  found.  Every  farmer, 
in  drilling  for  water,  expects  a  flowing  well,  and  but  few  are  disap- 
pointed. 

The  wells  are  not  so  deep  as  in  the  fields  already  described.  All  of 
them  go,  however,  to  the  bedded  rocks,  which  are  reached  at  30  to  50 
feet. 

Not  all  wells  that  are  drilled  to  the  rock  are  successful,  and  it  is  also 
to  be  noted  that  artesian  water  is  occasionally  found  before  the  rocky 
floor  is  reached  by  the  drill. 

SWANTON. 

In  and  around  Swan  Creek  township,  Fulton  County,  there  is  still 
another  district  of  fountain  welJs  which  can  not  by  any  reasonable 
construction  be  considered  as  belonging  to  the  ^'belt"  already  described. 

The  first  artesian  well  at  Swanton  was  discovered  in  1862,  on  the 
Hepfinger  farm.  Flowing  water  was  found  at  a  depth  of  40  feet,  and 
the  well  has  furnished  a  strong  and  steady  supply  from  that  time  to 
the  i)resent.  Nevertheless  a  prolonged  drought,  like  that  of  1895, 
reduces  the  flow,  but  does  not  destroy  it.  In  the  vicinity  of  the  village 
there  are  not  less  than  7  of  these  fountain  wells.  A  well  in  this  district 
is  counted  good  when  it  yields  500  barrels  i)er  diem. 

The  conditions  in  tliis  region  are  very  like  those  already  described 
in  the  vicinity  of  Stryker.  The  Ohio  shale,  which  is  the  underlying 
rock,  is  the  water-bearer.  All  wells  are  drilled  entirely  through  the 
drift  series.    The  general  section  is  as  follows: 

General  section  near  Swanton,  Oliio. 


Feet. 

Lake  sand   18 

Blue  clay   30 

Sandy  clay   ll^n certain. 

Hardpan   3  to  15 

Gravel   3  to  9 

Ohio  sliale  struck  at  ^   50  to  75 
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Soutlieast  of  Swanton  there  are  a  number  of  flowing  wells,  extending 
toward  Whitehouse  and  Waterville.  In  this  direction,  however,  a 
change  in  the  bed  rock  occurs,  limestone  underlying  the  drift  instead 
of  shale. 

Looking  at  the  facts  as  developed  at  Swanton,  and  yielding  to  the 
natural  tendency  to  put  isolated  facts  into  a  connected  and  thus  a  more 
intelligible  series,  it  would  be  justifiable  to  conclude  that  Swanton 
belongs  in  a  belt  of  flowing  water  which  extends  in  a  northwesterly  and 
southeasterly  direction.  Certainly  flowing  wells  are  to  be  found  in  both 
directions;  but  a  broader,  or  at  least  an  earlier,  generalization  has 
already  assigned  the  flowing  well  district  of  northwestern  Fulton 
County  to  a  northeast  and  not  to  a  southeast  belt. 

WAUSEON. 

This  village  is  not  at  present  supplied  by  flowing  wells,  but,  never- 
theless, its  waters  deserve  to  be  called  artesian.  At  a  few  points  where 
the  proper  tests  were  first  made  the  water  originally  flowed,  but  the 
multiplication  of  these  deep  wells  has  cut  off  the  small  head  that  was 
at  first  found.  The  water  still  rises  to  within  15  or  20  feet  of  the  sur- 
face through  considerable  areas,  and  its  artesian  character  can  be 
assumed  on  this  ground. 

The  drift  of  the  immediate  region  is  140  to  160  feet  thick.  The 
uppermost  10  to  15  feet  consists  of  yellow  clay,  oxydized.  Below  comes 
blue  clay,  often  so  charged  with  slate  fragments  and  waste  as  to  be 
almost  black.  Thin  seams  of  sand  are  irregularly  distributed  through 
the  mass.  Large  bowlders,  though  rare,  are  not  unknown.  The  bound- 
ary between  the  yellow  and  the  blue  clays  is  not  sharp  or  well  defined. 
The  change  in  color  simply  marks  the  line  to  which  surface  water  has 
been  able  to  descend.  The  blue  clay  reaches  a  general  thickness  of  1^50 
to  150  feet. 

Below  it  about  5  feet  of  hardpan  is  found.  This  is  here  described  as 
cemented  gravel.  Under  it  a  few  inches  of  sand  are  generally  found, 
and  then  the  Ohio  shale  is  reached.  This  last  formation  is  usually  cov- 
ered for  a  few  inches  with  its  own  fragments. 

The  shale  is  the  main  water-bearer  of  this  central  district  of  the 
county;  but  since  the  body  of  the  formation  is  impervious,  its  storage 
quality  can  consist  only  in  the  widened  joints  and  the  generally  frac- 
tured surface  resulting  from  its  prolonged  exposure  in  pre-Glacial  time. 
Water  descends  through  the  drift  by  channels,  the  existence  of  which 
we  are  obliged  to  infer,  but  the  location  of  which  we  can  never  expect 
to  determine,  carrying  with  it  the  soluble  minerals  of  the  beds  through 
which  it  has  been  filtered,  and  diffuses  itself  through  the  fractured  vsur- 
face  above  described.  Its  principal  storage  basins  must  be,  as  already 
remarked,  the  widened  joints  of  the  shale,  and  this  will  account  for  the 
frequent  failures  to  obtain  water.  Of  the  deep  wells  in  and  around  the 
village  it  is  estimated  that  one-third  have  proved  dry  holes.  Some- 
times if  the  derrick  is  moved  but  a  few  feet  the  new  well  is  successful. 
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Three  trials  were  made,  however,  on  one  viUage  lot  at  Wauseou,  and 
all  were  failures.  On  the  next  lot  a  good  well  was  obtained  at  the  hrst 
trial.  A  well  in  this  region  is  counted  good  when  it  can  be  depended 
on  for  at  least  10,000  gallons,  or  330  barrels,  per  diem. 

The  hardpan  of  this  region  is  described  as  cemented  gravel,  and  the 
drillers  report  it  to  be  as  hard  to  penetrate  as  ordinary  sandstone. 
Wells  are  drilled  into  the  shale  generally  a  few  inches,  and  seldom 
more  than  a  few  feet. 

All  the  shale  water  of  this  district  contains  a  noticeable  trace  of  com- 
mon salt,  but  the  percentage  is  so  small  that  it  soon  passes  unnoticed 
by  those  who  make  constant  use  of  the  water.  It  rarely  occurs  in 
amount  large  enough  to  make  the  water  distinctly  objectionable.  Its 
normal  presence  in  the  shale  water  needs  to  be  noted  by  chemists  who 
are  called  upon  to  make  analyses  of  the  water  of  this  class  of  Avells. 

A  deep  well  drilled  here  for  gas  or  oil  at  the  time  of  the  Findlay 
excitement  found  the  shale  series  in  the  village  to  be  194  feet  in  thick- 
ness, and  1  mile  northward  a  white  shale,  18  to  20  feet  thick,  was  found 
overlying  the  black  shale.  The  ''white  shale"  is  probably  the  Bedford 
shale,  which  is  the  normal  cover  of  the  Ohio  shale.  It  is  thus  probable 
that  nearly  the  entire  Ohio  shale  section  is  found  at  Wauseon. 

Inflammable  gas  is  frequently  struck  in  drilling  through  the  drift 
and  almost  always  when  the  shale  horizen  is  reached,  but  it  is  seldom 
found  in  large  enough  volume  to  be  of  economic  value.  In  a  few  cases 
it  has  been  utilized  in  a  small  way.  Occasional  '-blowers'^  are  met 
which  are  noisy  and  troublesome  for  a  few  hours  or  days. 

The  gentle  roll  or  ridge  IJ  miles  west  of  the  court-house,  which  is 
known  as  Wauseon  Summit  where  it  crosses  the  Lake  Shore  Railroad, 
has  an  altitude  of  15  or  20  feet  above  the  general  surface  of  the  sur- 
rounding country,  and  increases  the  depth  of  water  wells  by  this 
amount.  The  ridge  is  a  part  of  the  second  beach  formed  when  the 
level  of  Lake  Erie  was  200  feet  higher  that  it  now  is. 

An  old  trough  or  valley  in  the  shale  has  been  brought  to  our  knowl- 
edge by  the  drilling  of  water  wells  south  and  east  of  the  village.  It 
lies  about  IJ  miles  south  of  the  court-house.  It  can  not  be  more  than 
a  quarter  of  a  mile  in  width  and  may  not  be  more  than  an  eighth. 
There  is  no  sign  whatever  of  its  existence  upon  the  surface  of  the  dis- 
trict which  it  traverses.  It  was  discovered  by  the  fact  that  wells 
reaching  to  the  surface  of  the  shale  are  about  140  feet  deep  for  IJ 
miles  south  of  the  town ;  but  suddenly  the  depth  to  the  same  boun- 
dary increases  to  225  feet,  while  a  little  farther  on  the  old  figure 
is  restored.  The  general  depth  of  wells  for  many  square  miles  is  about 
140  feet.  A  valley  225  feet  deep  is  lower  than  the  surface  of  Lake  Erie 
by  30  or  40  feet.  It  would  carry  drainage  away  from  Lake  Erie,  not 
toward  it.  By  continuous  drilling  the  course  or  direction  of  the  valley 
has  been  roughly  determined  for  a  distance  of  about  9  miles.  It  bears 
directly  west  for  5  miles,  passing  a  little  south  of  Pettisville.  From 
the  point  of  beginning  it  can  be  traced  northeastward,  and  various 
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departures  from  a  straight  course  are  shown  by  the  deep  wells  that 
indicate  the  old  valley.  The  depth  is  said  to  increase  slowly  westward, 
but  no  figures  were  obtained,  and  the  direction  and  further  course  have 
not  been  determined.  Facts  to  be  accumulated  in  the  future  develop-  • 
ment  of  the  country  will  clear  uj)  these  points  and  show  the  direction 
and  the  office  of  this  ancient  valley.  It  is  filled  with  sand  and  gravel 
and  is  thus  a  great  receptacle  for  water.  The  water  supi^ly  of  Wauseon 
has  always  been  recognized  as  a  difficult  problem.  It  is  possible  that 
it  will  not  be  solved  until  the  great  channel  to  the  southward  is  drawn 
upon. 

SUMMARY   OF    aEOLOGICAL    CONDITIONS    IN   NORTHWESTERN  OHIO. 

The  fountain  districts  of  northwestern  Ohio,  some  of  the  prominent 
facts  and  features  of  which  have  now  been  put  on  record,  have  several 
geological  conditions  that  are  common  to  its  whole  extent: 

1.  The  entire  region  is  underlain  by  the  Ohio  shale,  i.  e.,  the  Ohio 
shale  is  the  first  rock  stratum  to  be  reached  below  the  drift.  The  shale 
series  constitutiug  this  floor  is  a  remnant  of  a  much  larger  series  of 
shales  belonging  to  the  same  general  class  of  rocks.  Above  the  Ohio 
shale  in  its  entirety  there  are  geologically  due,  in  the  order  named,  the 
Bedford  shale,  the  Berea  grit,  the  Berea  shale,  and  the  Cuyahoga 
shale,  in  all  400  to  500  feet  of  soft  rock.  The  only  exception  would  be 
found  in  the  Berea  grit,  but  this  is  often  thin  and  impure  and  would 
give  way  to  erosive  agencies  nearly  as  easily  as  shale.  We  are  obliged 
to  conclude  that  several  hundred  feet  of  what  was  originally  depos- 
ited as  shale  rock  have  been  removed,  from  most  of  the  area,  mainly  by 
atmospheric  agencies.  We  find  at  Delta  133  feet  of  the  shale  series, 
and  at  Wauseon  194  feet.  As  previously  remarked,  it  is  probable 
that  in  the  latter  case  we  have  an  approximately  complete  section  of 
the  Ohio  shale  for  northwestern  Ohio.  But  though  the  sections  of  the 
shale  throughout  the  district  are  unequal,  the  surface  of  the  country  is 
approximately  level.  Its  altitude  ranges  between  700  and  750  feet 
above  tide.  This  uniform  elevation  was  brought  about  largely  by  the 
glacial  deposits  which  have  filled  u^)  the  hollows  and  furrows  due  to 
former  denudation,  and  vfhich  have  gone  far  toward  restoring  the  sur- 
face to  its  original  monotony.  But  another  agency  is  to  be  taken  into 
account  in  this  connection. 

2.  The  shale  series  itself  had  been  reduced  to  nearly  one  level  before 
the  drift  storm  overspread  it.  The  old  agencies  of  erosion  had  practi- 
cally completed  their  Avoik  upon  it  in  pre-Glacial  time,  as  the  following 
elevations  of  the  shale  floor  show : 


Elevations  of  the  sh  ale  floor  in  northivesteni  Ohio. 


"Wau8«'0ii  - . 
Pettisville 
Archibald. 


Delta 


Feet. 
704 
012 
010 
584 


Stryker  

Bryan  

West  Unity 
llicksville. . 


Feet. 
588 
611 
625 
634 
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The  average  elevation  of  the  shale  floor  according  to  these  figures  is 
621  feet,  or,  omitting  the  first  example,  which  is  somewhat  out  of  corre- 
spondence with  the  rest,  the  average  is  609  feet.  This  seems  to  show 
that  the  region  was  practically  base-leveled  before  the  drift. 

The  only  fact  that  seems  to  militate  against  this  conclusion  is  one 
already  cited,  that  a  valley  85  feet  deep  and  not  more  than  a  quarter  of 
a  mile  and  perhaps  not  more  than  an  eighth  of  a  mile  in  width  is  found 
traversing  the  shale  in  the  central  part  of  the  county.  When  erosion 
has  done  its  perfect  work,  as  in  a  base- leveled  country,  it  is  not  likely 
to  leave  valleys  of  such  a  character  as  the  one  here  described.  We 
should  expect  them  to  be  wider  and  shallower. 

3.  Two  important  facts  in  connection  witli  the  storage  of  the  large 
quantity  of  water  of  the  counties  now  under  consideration  are  found  [a) 
in  the  effect  of  erosion  which  the  soft  rocks  of  the  original  surface  have 
undergone,  and  (h)  in  the  great  amount  of  gravelly  drift  which  has  been 
dumped  into  the  basin  formed  by  the  wearing  away  of  the  shale. 

(a)  The  rock  floor  lies  at  a  distinctly  lower  level  than  that  of  the  dis- 
trict immediately  south  of  it.    From  the  Wabash  Valley  southward 
limestone  constitutes  the  floor  of  the  country,  and  this  everywhere' 
stands  at  a  noticeably  higher  level  than  the  shale  region  which  it 
bounds. 

[b]  Tlie  drift  deposits  which  have  been  laid  down  upon  the  region 
under  consideration  certainly  exceed  100  feet  in  average  thickness. 
They  constitute  a  varied  series  and  stand  for  several  distinct  stages  in 
the  complex  and  puzzling  history  of  the  great  ice  age.  The  division 
termed  hardpan,"  for  example,  throughout  the  district,  is  everywliere 
sharply  distinguished  from  the  bowlder  clay,  and  these  two  elements 
must  have  a  different  history. 

FLOWING  WELLS  IN  MERCER  COUNTY. 

The  artesian  wells  of  Paulding  and  Van  Wert  counties,  aside  from 
the  northwestern  corner  of  Paulding  County  (Carryall  township), 
already  described,  are  excluded  from  present  consideration  because  of 
the  shallow  depths  at  which  they  are  found  and  because  of  the  lack 
of  large  connected  areas  in  which  they  occur.  There  are  large  districts 
in  these  counties  in  which  the  drift  does  not  exceed  15  to  20  feet  in 
thickness,  and  in  comparatively  small  portions  does  it  exceed  40  feet. 
Flowing  wells  are  scattered  throughout  these  entire  areas,  one  here 
and  another  there,  but  they  do  not  reveal  any  general  structure. 

A  somewhat  difl'ereiit  state  of  things  appears  in  Mercer  County. 
The  drift  is  dee^ier,  and  entire  townships  can  be  described  as  flowing- 
well  territory,  though  not  every  well  that  is  drilled  within  their  limits 
proves  to  be  artesian.  The  northern  townships,  viz,  Black  Creek, 
Dublin,  Union,  Hopewell,  Center,  and  Jefferson,  show  this  character 
more  prominently  and  connectedly  than  the  southern  portions  of  the 
county,  with  the  exception  of  Franklin  and  Butler. 


ORTON.] 


DEEP  PRE-GLACIAL  CHANNELS. 


711 


In  Black  Creek  township  the  general  depth  of  the  wells^  up  to  1895, 
when  the  severe  drought  of  the  summer  of  that  year  reduced  the  ground 
water  so  seriously  that  it  became  necessary  to  obtain  a  new  source,  was 
45  to  50  feet.  At  this  time  many  of  the  wells  were  deepened,  being 
drilled  to  a  depth  of  90  to  110  feet,  and  with  the  most  satisfactory 
results.  The  head  of  pressure  is  4  to  5  feet.  Flowing  wells  are  known 
in  sections  10,  11,  15,  22,  23,  24,  25,  and  34.  In  single  sections  many 
flowing  wells  have  been  obtained. 

In  Dublin  and  Union  townships  the  depth  of  the  wells  ranges  between 
20  and  85  feet,  but  the  thickness  of  the  drift  is  often  as  much  as  40  feet. 
A  typical  section  of  the  drift  maybe  given  in  the  following  terms :  Soil, 
2  feet;  yellow  clay,  7  feet;  gravel,  7  feet  (uncertain);  hardpan,  20  feet; 
rock. 

In  Jefferson  township  the  drift  is  50  to  75  feet.  The  head  of  pressure 
sometimes  exceeds  10  feet. 

In  Franklin  township  the  general  depth  of  the  flowing  wells  is  40  to 
50  feet,  but  the  rock  lies  deeper  and  the  more  permanent  water  supply 
is  found  by  sinking  wells  to  the  surface  of  the  solid  floor.  This  is  one 
of  the  townships  that  has  been  overrun  by  the  drillers  of  deep  wells 
for  gas  and  oil,  and  these  wells  have,  in  numerous  instances,  cut  off' 
previously  flowing  fountains,  in  some  cases  at  a  distance  of  IJ  miles. 
If  the  artesian  flow  of  the  deep  wells  is  arrested  the  old  wells  after  a 
time  resume  their  production. 

In  Butler  township  fountains  are  common  in  sections  11,  12,  13,  23, 
24.    Some  of  them  show  a  head  of  pressure  of  10  feet. 

The  general  succession  of  beds  through  which  water  is  reached  in 
this  township  is  very  similar  to  that  already  reported  for  Dublin  and 
Union,  viz,  soil,  2  feet;  dark  or  black  clay,  6  to  10  feet;  blue  clay,  10 
feet;  hardpan,  5  to  20  feet;  gravel  and  water. 

In  some  parts  of  the  county  flowing  water  is  so  easily  obtained  that 
a  farmer  will  drive  a  pipe  15  to  20  feet  in  any  field  in  which  stock  is  to 
be  kept  for  a  time,  and  when  the  pasture  is  exhausted  will  withdraw  the 
pipe  and  establish  it  in  a  new  location. 

DEEP  PRE-GI.ACIAL  CHAlSTISrEES  IX  ALEEIS^,  AUGI^AIZE, 

AHfjy  MEKCER  COUNTIES. 

By  the  deep  drilling  that  has  been  done  in  the  counties  named  above 
in  such  large  amount  during  the  last  ten  or  twelve  years  some  facts  of 
unusual  interest  have  been  developed  as  to  the  pre-Glacial  drainage 
system  of  this  part  of  the  State,  and  within  the  same  territory  the 
strongest  artesian  wells  of  the  State  have  been  developed.  A  brief 
account  of  these  two  lines  of  facts  will  be  given  here. 

In  Allen  County  the  deep  excavations  that  will  be  noticed  are  first 
brought  to  light  within  the  limits  of  the  city  of  Lima.  A  channel  has 
there  been  revealed  170  feet  below  the  surface.  In  Perry  township 
a  deep  channel,  or  a  series  of  deep  channels,  has  been  revealed  by 
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drilling  in  the  following-named  sections,  the  thickness  of  the  drift  being 
as  indicated  by  the  fignres  given : 

Thickness  of  drift  in  Ferry  ioivnsliij),  Ohio. 


Section. 


17 

20. 

21. 

22. 

28. 
29. 


Feet. 


195 
235 
248 
238 
255 
205 
211 
230 
258 
244 


In  Shawnee  township: 


Thickness  of  drift  in  Shawnee  township,  Ohio. 


■  Section. 


2. 

3. 

10. 

11. 

13. 
25. 


Feet. 


178 

200 
194 

265 
265 
281 
204 


In  Duchonquet  township,  Auglaize  County: 

Thickness  of  drift  in  Duchouquet  toivnshq),  Ohio. 


Section 


3. 


34. 


Feet- 


428 
300 
335 
340 
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In  Moultou  township  erosion  to  an  equal  degree  lias  taken  i^lace,  but 
the  data  have  not  been  secured. 
In  St.  Marys  township: 

Thickness  of  drift  in  St.  Marys  township,  Ohio. 


Section. 


2. 
8, 

9. 

11. 
12. 
13. 

15. 
22. 


Feet. 


228 
400 
401 
402 
249 
396 
480 
400 
350 
104 
406 
406 
406 
392 


In  Center  township,  Mercer  County,  section  29,  the  thickness  of  drift 
is  400  feet. 

In  Dublin  township.  Mercer  County,  section  16,  the  thickness  of  drift 
is  319  feet. 

In  Jetferson  township  the  greatest  ascertained  thickness  of  drift  is 
400  feet. 

In  Franklin  township  : 

Thickness  of  drift  in  Franklin  township,  Ohio. 


Section. 


35. 


35,  southwest  quarter. 

35,  east  half  

32,  east  half  

2,  southeast  quarter  . . 
31,  southwest  quarter. 


Feet. 


400 
402 
414 
444 
398 
430 
430 
307 
326 
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Ill  Marion  township : 

'  Thickness  of  drift  in  Mar'ion  tounisJiip,  Ohio. 


Section. 


13. 


Feet. 


11,  northwest  quarter 


444 
500 
388 


In  Granville  township : 


Thickness  of  drift  in  Granville  township,  Ohio. 


Section. 


26,  northeast  quarter. 
26,  southwest  quarter 

24,  northeast  quarter. 


Feet. 


280 
330 
270 
280 


In  this  region  the  first  stratum  below  the  drift  is  either  the  Onon- 
daga limestone  or  the  Niagara  limestone  or,  in  a  few  exceptional  cases, 
the  Medina  or  the  Hudson  River  shales.  The  first-named  stratum  is 
struck  in  Allen  County  and  in  Duchouquet  and  Moulton  townships  of 
Auglaize  County.  In  St.  Marys  township,  Auglaize  County,  and  in  Mer- 
cer County  the  first  rock  reached  is  the  Niagara,  or,  in  the  exceptional 
cases  named  above,  the  Medina  or  Hudson  River  shales.  This  limestone 
floor  has  been  gashed  and  dissected  by  the  work  of  a  great  river  sys- 
tem continued  through  protracted  ages.  Channels,  main  and  tributary, 
have  been  cut  from  100  to  400  feet  below  the  general  surface  of  the 
limestone.  Where  the  Niagara  limestone  made  the  pre  Glacial  rocky 
floor,  erosion  to  such  a  depth  would  necessarily  penetrate  its  entire 
thickness  and  the  underlying  Clinton  limestone  as  well,  and  bring  the 
level  of  the  erosion  down  into  the  soft  rocks  of  the  Medina  or  Hudson 
River  shales.  This  is  what  the  driller  finds.  The  drivepipe  of  these 
deep  wells  meets  with  no  cap  limestone  whatever,  but  strikes  the  origi- 
nal rocks  in  the  fine-grained  shales  of  the  series  named  above. 

The  main  channel  of  the  old  river  can  be  plainly  followed  from  St. 
Marys  in  a  line  extending  almost  directly  west  through  the  Mercer 
reservoir,  but  a  little  to  the  north  of  the  middle  line  of  this  body  of 
water.  Just  before  it  reaches  the  west  end  of  the  reservoir  it  receives 
an  important  tributary,  the  course  of  which  can  be  traced  fully  11  miles 
northward  through  Jefferson,  Center,  and  Dublin  townships  by  strings 
of  drivepipe  320  to  400  feet  in  length.  This  part  of  the  ancient  stream 
came  from  the  north,  but  after  leaving  the  reservoir  the  main  channel 
bends  abruptly  south  and  afterwards  bears  to  the  east,  so  that  for  the 
next  8  or  10  miles  its  direction  is  approximately  southeast.  It  has  not 
been  located  so  closely  in  Franklin  and  Marion  townships  as  in  those 
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previously  named,  but  it  turned  west  once  more  in  Marion  township, 
where  drivepipe  of  500  feet  has  been  recorded  in  a  single  instance. 

As  the  main  channel  is  followed  through  the  reservoir  its  breadth  is 
found  to  be  1  mile  to  miles.  The  northern  tributary  already  de- 
scribed is  much  narrower,  and  though  of  about  the  same  depth  as  the 
main  valley  its  breadth  is  less  than  one  fourth  of  a  mile. 

It  is  a  singular  coincidence  that  the  modern  reservoir  should  be 
located  directly  above  the  deepest  i:)re-Glacial  valley  of  the  State.  It  is 
still  more  surprising  that  after  this  part  of  the  country  had  been  con- 
verted into  a  permanent  lake  we  should  by  any  chance  be  able  to  learn 
the  thickness  of  the  drift  under  the  surface  of  the  water.  This  last 
discovery  has  come  about  through  the  enterprise  of  the  oil-well  driller. 
Productive  oil  territory  having  been  followed  directly  up  to  the  margin 
of  the  reservoir,  it  was  evident  that  the  chances  of  finding  good  oil 
wells  were  not  lost  because  the  surface  happened  to  have  a  shallow 
covering  of  water  over  it.  The  consent  of  the  State  authorities  to 
drilling  within  the  reservoir  was  finally  obtained,  and  wells  by  the 
score  and  the  hundred  have  since  been  drilled  there.  In  sections  7,  8, 
16,  and  17  of  St.  Marys  township  and  in  sections  7,  8,  9, 10,  11,  12,  13, 
14,  15,  16,  17,  and  18  of  Jefferson  township  the  long  and  irregular  lines 
of  drivepipe  already  referred  to  have  been  found  necessary. 

It  could  not  be  otherwise  than  that  this  channel  would  be  struck  by 
the  driller  at  various  points  of  its  declivity,  sometimes  on  the  edge, 
sometimes  half  way  down  the  slope,  and  occasionally,  perhaps,  at  its 
greatest  depth.  The  longest  string  of  drivepipe  that  has  been  reported 
from  the  reservoir  is  406  feet,  in  the  northwest  corner  of  section  15. 
At  one  ''location''  400  feet  from  this  x)oint  only  100  feet  of  drivepipe 
were  required.  In  section  8  one  driller  found  400  feet  of  drivepipe 
required  in  each  of  two  wells,  401  in  a  third,  and  402  in  a  fourth  well. 
In  another  instance,  by  a  change  of  one  ''location"  a  distance  of  400 
feet,  the  necessary  drivepipe  was  increased  from  97  to  240  feet.  In 
Union  township,  on  the  northern  tributary,  the  drivepipe  was  length- 
ened from  40  to  100  feet  in  a  single  "location."  This  was  on  the  J.  H. 
Coil  farm  near  Mendon. 

The  main  channel  can  be  traced  from  section  11,  St.  Marys  township, 
to  Celina.  On  section  11,  St.  Marys,  is  located  the  Harrington  Avell, 
presently  to  be  described,  the  most  remarkable  flowing  well  of  the 
State. 

On  the  G.  Wilkins  farm,  in  the  same  section,  four  successive  wells 
showed  90,  215,  240,  and  350  feet  of  drivepipe.  These  wells  are  all  to 
the  south  of  the  main  channel.  Another  of  the  Wilkins  wells  was 
located,  as  the  event  proved,  exactly  on  the  brink  of  a  precipitous  wall 
several  hundred  feet  in  height.  The  driller  struck  the  rocky  floor,  as 
he  thouglit,  at  180  feet,  but  after  advancing  a  few  inches  he  found  that  he 
was  in  drift  clay  again.  It  is  reported  tliat  as  he  drove  still  deeper  he 
continued  to  strike  i^rqjecting  shelves  of  the  rocky  wall  as  far  down  as 
370  feet,  and  here  he  finally  abandoned  the  location. 
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The  main  clianiiel,  as  at  present  recognized,  passes  from  the  west  end 
of  the  reservoir  southward  toward  Montezuma,  thence  southeasterly, 
near  Chickasaw  and  St.  Johns,  reaching  its  deepest  i)oint  west  of  the 
latter  place  in  Marion  township,  where,  as  already  noted,  500  feet  of 
drivepipe  were  required. 

Fragments  of  old  channels  have  been  struck  in  Washington  town- 
ship, Auglaize  County,  near  New  Knoxville,  and  in  Dinsmore  town- 
ship, Shelby  County.  At  Anna  Station  drivepipe  exceeding  400  feet 
in  length  was  called  for,  and  the  drift  was  not  i)enetrated  after  all.  In 
section  15,  German  township,  444  feet  of  drivepipe  were  used  in  one 
well.  This  is  probably  in  a  main  valley.  It  may  possibly  connect  with 
the  extreme  thickness  of  drift  reported  from  St.  Paris,  Champaign 
County,  which  exceeded  530  feet. 

The  northern  tributary,  which  has  already  been  referred  to  in  several 
connections,  demands  another  word.  It  has  been  traced  through  the 
east  line  of  sections  of  Dublin  and  the  western  sections  of  Center  as 
far  as  the  reservoir. 

To  find  the  elevation  above  tide  of  the  channels  that  have  now  been 
hinted  at  rather  than  described,  all  that  is  necessary  is  to  subtract  the 
length  of  drivepipe  from  the  elevation  of  the  wellheads.  Applying  this 
to  the  drilling  that  has  now  been  passed  in  review  we  find  that  the 
main  channel  in  the  reservoir  has  a  maximum  depth  of  462  feet  above 
tide  (868  —  406).  The  500  feet  of  drivepipe  in  Marion  township  shows 
an  elevation  of  the  rocky  floor  of  .425  feet  above  tide  (925  —  500).  The 
exact  location  and  consequent  exact  elevation  of  the  well  in  question 
have  not  been  ascertained. 

The  filling  of  the  old  channel  within  the  limits  of  the  reservoir  is 
declared  by  competent  observers  to  be  essentially  different  from  the 
usual  deep  drilling  of  this  part  of  the  State.  It  consists  of  soft,  fine, 
whitish  clays,  free  from  bowlders  or  gravel  streaks,  through  which  the 
drivej^ipe  can  be  easily  forced. 

ARTESIAN  WELLS  OF  THE  DEEP  CHANNELS. 

Decidedly  the  strongest  flowing  wells  of  Ohio  are  found  in  the  deep 
buried  channels.  Within  the  limits  named  they  are  to  be  counted  by 
the  score,  but  so  far  none  of  them  has  been  turned  to  practical  account. 
A  few  will  be  si)ecifically  named.  In  sections  15  and  16,  Shawnee 
township,  Allen  County,  in  what  is  known  as  the  Children's  Home 
neighborhood,  several  wells  have  been  struck  at  a  depth  of  200  to  250 
feet.  The  water  rises  with  at  least  2  feet  of  head  between  8J  and  5| 
casing  and  flows  off' in  a  large  stream.  The  present  outflow  from  one 
of  these  wells  is  estimated  at  not  less  than  2,400  barrels  per  diem. 

Throughout  Moulton  township  similar  phenomena  are  of  frequent 
occurrence.  The  channels  marked  by  deep  drivepipe  pass  through 
this  township.  But  flowing  wells  reach  their  highest  mark  in  St.  Marys 
township.    A  number  of  old  channels  meet  and  unite  within  this  and 
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the  adjoiniug  townships.  Large  quantities  of  river  gravel,  some  very 
coarse,  fill  these  old  beds,  and  the  water  contained  in  the  gravel  basins 
is  in  reality  the  equivalent  of  a  lake.  It  is  under  enormous  pressure. 
The  highest  head  that  has  been  noted  is  given  at  40  feet,  but  this  fig- 
ure is  probably  an  estimate  and  not  the  result  of  careful  measurement. 
At  any  rate,  the  pressure  is  beyond  all  precedent  among  the  artesian 
wells  of  the  State. 

A  well  drilled  on  the  farm  of  Mrs.  Caroline  Barrington,  section  11, 
St.  Marys  township,  gives  perhaps  the  most  surprising  record.  When 
the  drill  reached  the  gravel  of  the  old  channel. a  mighty  flood  of  water 
poured  into  the  casing  and  rose  to  a  height  of  20  feet  in  an  unbroken 
column.  It  would  probably  have  gained  a  height  of  at  least  30  feet  in 
an  inclosed  pipe.  With  the  water  a  shower  of  gravel  was  thrown  out, 
falling  back  into  the  derrick.  Several  wagon  loads  of  gravel  were 
accumulated  here  in  this  way.  Though  all  the  gravel  was  obliged  to 
come  through  the  6-inch  casing,  a  single  stone  was  found  that  weighed 
6 J  pounds. 

This  flow  was  struck  at  350  feet.  The  casing  was  finally  driven  to  a 
depth  of  364  feet.  At  a  depth  of  360  feet  a  log  of  considerable  size 
was  found  imbedded  in  the  drift.  Wood  has  been  reported  in  a  num- 
ber of  these  deep  wells.  In  a  well  drilled  on  the  Hickman  farm,  in 
Butler  township,  a  log  of  light-colored  timber,  apparently  as  much  as 
3  feet  in  diameter,  was  found  at  a  depth  of  60  feet.  Again,  in  section 
19,  Marion,  a  good-sized  log,  dark  in  color,  was  struck  at  270  feet.  In 
this  last  well,  which  was  drilled  on  the  Grieshof  farm,  the  depth  of  the 
drift  was  444  feet.  Great  floods  of  water  have  been  struck  at  the  same 
horizon  throughout  the  reservoir. 
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By  Nelson  Horatio  Darton. 


I^^TRODITCTIO?^. 

This  report  is  based  on  field  work  of  the  season  of  1807.  It  is 
designed  mainly  to  furnish  information  in  relation  to  the  geologic 
structure  and  the  prospects  for  underground  waters.  A  general 
account  will  also  be  given  of  the  overground  waters  and  their  i)resent 
and  prospective  use  for  irrigation,  etc.  The  region  is  the  portion  of 
Nebraska  lying  west  of  the  one  hundred  and  third  meridian,  comprising 
Sioux,  Scotts  Bluff,  Banner,  and  Kimball  counties,  the  western  portions 
of  Cheyenne  and  Boxbutte  counties,  and  the  central  and  western  por- 
tion of  Dawes  County  j  in  all,  an  area  of  7,400  square  miles,  adjoined 
on  the  west  by  Wyoming,  on  the  north  by  South  Dakota,  and  on  the 
south  by  Colorado.  It  lies  on  the  Great  Plains  south  of  the  Black 
Hills  of  South  Dakota.  The  Scotts  Bluff,  Banner,  and  Cheyenne 
counties  areas  were  examined  in  detail,  but  time  did  not  permit  more 
than  a  general  reconnaissance  of  the  adjoining  regions.  I  was  assisted 
by  Mr.  C.  A.  Fisher  and  Mr.  F.  H.  Ainsworth.  Mr.  Fisher  obtained 
the  data  for  the  greater  part  of  Kimball  and  Boxbutte  counties.  For 
several  months  I  was  accompanied  by  Prof.  E.  H.  Barbour,  the  acting 
State  geologist  of  Nebraska,  who  did  much  to  further  the  progress  of 
the  work. 

Numerous  data  in  regard  to  irrigation  in  the  Niobrara  River,  White 
River,  and  Hat  Creek  basins  were  kindly  furnished  by  Mr.  J.  M. 
Wilson,  the  State  engineer. 

TOPOGRAPHY. 

General  features. — The  region  is  a  typical  portion  of  the  Great  Plains, 
which  extend  far  eastward  from  the  foot  of  the  Rocky  Mountains.  To 
the  south  this  portion  of  the  plains  is  traversed  by  the  deep,  broad  valley 
of  North  Platte  Eiver  and  the  smaller  valleys  of  Niobrara  River  and 
Lodgepole  Creek;  to  the  north,  at  the  valleys  of  White  River  and  Hat 
Creek,  it  gives  place  to  lowlands  extending  to  Cheyenne  River  at  the 
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southern  foot  of  the  Black  Hills.  The  northern  edge  of  the  plahis  pre- 
sented toward  these  lowlands  is  marked  by  a  great  escarpment,  or  line 
of  steep  slopes,  which  is  known  as  Pine  Ridge.  It  begins  in  Wyoming 
and  is  the  most  conspicuous  topographic  feature  in  northwestern 
Nebraska. 

PI.  LXXiy  has  for  its  base  a  topographic  map  of  the  region,  with 
contour  lines  100  feet  apart.  These  contour  lines  indicate  heights  above 
the  sea,  aud  they  are  numbered  accordingly.  The  lines  for  every  even 
500  feet  are  made  heavier  than  the  others.  Contour  lines  are  lines  of 
equal  elevation,  consequently  they  are  drawn  along  tlie  slopes  of  val- 
leys like  level  irrigation  ditches,  in  this  case  100  feet  apart  vertically, 
extending  up  the  side  valleys  and  running  out  around  the  points  of 
projections.  They  encircle  detached  hills,  and  an  isolated  hill  rising 
500  feet  above  the  plain  would  be  indicated  by  five  of  the  100-foot  con- 
tour lines.  From  the  foregoing  statement,  it  will  be  seen  that  contour 
lines  are  crowded  near  together  on  steep  slopes,  but  are  widely  separ- 
ated on  the  plains  and  in  the  river  bottoms.  Thus,  they  indicate  the 
shape  of  the  land  as  well  as  its  elevation. 

For  Banner,  Scotts  Bluff,  and  portions  of  Cheyenne  and  Sioux  coun- 
ties, the  contour  map  is  based  on  the  detailed  maps,  with  20-foot  contour 
lines,  of  the  Scotts  Bluff,^  Camp  Clarke,^  and  Whistle  Creek  quadrangles 
of  the  United  States  Geological  Survey.  In  other  portions  of  the  region 
it  has  been  necessary  to  employ  barometer  readings  and  local  observa- 
tions extending  from  points  of  known  heights  on  the  several  railroad 
lines.  These  approximate  data  are  distin^juished  on  the  map  by  broken 
contour  lines.  PI.  LXXY  is  a  view  of  a  relief  map  of  [N^ebraska,  which 
also  shows  the  configuration  of  this  area. 

High  table. — The  original  surface  of  the  region  to  which  this  rei^ort 
relates  was  a  relatively  smooth  plain,  which  sloped  gently  to  the  east. 
This  i^lain  was  uplifted  in  early  Pleistocene  time,  and  the  rivers 
extending  across  it  excavated  valleys  of  greater  or  less  width  and 
depth,  soon  giving  rise  to  the  broader  features  of  the  present  config- 
uration. The  remains  of  the  plain  lie  between  the  valleys,  where  they 
constitute  wide  areas  of  high  table-lands,  smooth  or  very  gently  rolling 
in  contour,  and  sloping  to  the  east.  The  widest  areas  of  this  table 
lie  on  each  side  of  the  valley  of  Lodgepole  Creek,  and  extend  north 
from  the  valley  of  iNorth  Platte  River  to  the  great  escarpment  of  Pine 
Ridge,  where  there  is  an  abrupt  descent  of  over  1,000  feet  to  a  region 
of  low  rolling  plains,  which  extend  to  Cheyenne  River  at  the  southern 
foot  of  the  Black  Hills.  Some  features  of  this  great  escarpment  are 
shown  in  Pis.  LXXY,  LXXXI,  XC,  and  XCIY.  The  broad  area  of 
table  terminating  in  Pine  Ridge  is  traversed  by  the  wide,  shallow 
valley  of  the  Niobrara,  south  of  which  it  is  surmounted  by  irregular 
zones  of  sand  hills.  The  edge  of  the  table  descending  to  the  valley  of 
North  Platte  River  presents  steep  slopes  deeply  notched  by  canyons. 

'  Tlio  topographic  atlas  sheets  of  these  two  quadrangles  have  recently  been  issued  by  the  Survey 
and  may  be  obtained  b.y  remitting  10  cents  (5  cents  for  each)  to  the  Director,  United  States  Geological 
Survey,  Washington,  D.  C. 
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Kext  south,  there  is  an  outlying  area  of  the  high  plain,  preserved  as  a 
long,  high,  narrow  ridge  lying  between  the  valleys  of  Pumpkinseed 
Creek  and  l^orth  Platte  Eiver.  This  ridge  is  so  narrow  and  so  deeply 
invaded  by  canyons  that  it  has  lost  the  flat-topped  character,  except 
in  a  few  small  areas  of  its  widest  portions.  Its  summits,  however, 
in  many  cases  rise  to  the  plateau  level.  The  ridge  owes  its  isolation 
to  a  former  branch  channel  of  Platte  Eiver  which  at  one  time  flowed 
through  the  Pumpkinseed  Yalley.  Eight  miles  south,  across  the  valley 
of  Pumpkinseed  Creek,  a  branch  of  i^"orth  Platte  Eiver,  rises  the  steep 
face  of  the  wide  area  of  high  table-land  extending  to  the  valley  of 
Lodgepole  Creek,  and  continued  far  into  Colorado  beyond  that  valley. 
The  altitudes  on  the  table-land  average  about  4,300  feet  along  the  one 
hundred  and  third  meridian,  and  increase  to  nearly  5,000  feet  in  the 
vicinity  of  the  Wyoming  line.  In  the  southwestern  portion  of  Banner 
County,  and  again  in  the  extreme  southwestern  portion  of  the  State, 
the  altitudes  somewhat  exceed  5,300  feet.  Here  is  found  the  highest 
land  in  the  State.  Scotts  Bluff  has  the  reputation  of  being  the  high- 
est point,  but  its  altitude  is  only  4,662  feet.  Wild  Cat  Mountain, 
which  has  shared  the  claim  as  the  highest  point,  is  5,038  feet,  or  fully 
300  feet  lower  than  the  highest  points  on  the  high  table  along  the 
Wyoming  line. 

North  Platte  Valley. — The  region  is  traversed  near  its  center  by  the 
broad  valley  of  North  Platte  Eiver,  a  stream  which  enters  the  State 
from  Wyoming  and  carries  the  drainage  of  a  wide  area  in  the  Eocky 
Mountains.  This  valley  has  been  excavated  from  the  plain  which,  as 
before  stated,  originally  extended  unbroken  entirely  across  the  western 
Nebraska  region.  The  dejith  of  the  valley  averages  in  the  greater  part 
about  700  feet,  and  its  width  varies  from  10  to  15  miles.  The  slopes 
along  its  sides  present  many  irregularities.  There  is  first  a  broad  flat 
along  the  river,  whict  rises  only  a  few  feet  above  the  water.  This  flat 
merges  into  irregular  terraces,  rising  for  about  200  feet,  with  slopes  of 
varying  degrees  of  steepness.  Then  come  steep  sided  projections  of 
high  lauds  extending  from  the  edge  of  the  high  table  above  and  sepa- 
rated by  canyons  which  are  cut  into  the  margin  of  the  table  for  some 
distance.  These  canyons  have  been  excavated  by  small  streams  which 
flow  into  Platte  Eiver  in  times  of  heavier  rainfall.  The  higher  slopes 
of  the  valley  are  marked  by  cliffs  and  buttes  of  varied  form  and  height, 
which  often  are  very  imposing  in  appearance.  On  the  south  side  of 
the  valley  there  rises  an  irregular  ridge  of  striking  prominence,  cut  off 
from  the  main  high  table  to  the  south  by  the  wide  valley  of  Pumpkin- 
seed Creek.  The  greater  part  of  this  ridge  varies  in  width  fi  om  3  to  6 
miles,  with  long  x)rojecting  spurs  and  occasional  outlying  buttes.  Its 
crest  is  relatively  uniform  in  height,  about  800  feet  above  the  bottom 
of  the  Platte  Valley.  In  the  vicinity  of  the  Wyoming  line  its  alti- 
tude diminishes  greatly,  but  it  is  practically  isolated  from  the  high 
tables  southward.  The  main  axis  of  the  ridge  is  about  7  miles  south 
of  the  river,  but  several  spurs  extend  nearly  to  the  river.    One  of 
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these  terminates  in  Chimney  Rock,  shown  in  PI.  XCVII;  another  at 
Castle  Eock,  sliown  in  PI.  CV;  and  a  third  at  Scotts  Bluff,  shown  in 
PI.  LXXVI.  To  the  eastward  this  ridge  terminates  in  two  outlying 
battes,  known  as  Courthouse  and  Jail  rocks,  shown  in  Pis.  LXXVII 
and  LXXYIII.  It  also  sends  a  branch  ridge  out  into  the  Pumpkinseed 
Valley,  on  which  tliere  are  some  particularly  high  knobs,  one  of  which 
is  known  as  Wild  Cat  Mountain  and  the  other  as  Hogback  Mountain,  in 
which  an  altitude  of  somewhat  over  5,000  feet  is  attained.  The  west- 
ern part  of  the  ridge  has  an  altitude  of  4,800  feet.  Scotts  Blutt*  has  an 
altitude  of  4,G6li  feet  and  Courthouse  Rock  4,100  feet.  The  ridge  is 
deeply  invaded  by  numerous  canyons,  which  have  cut  away  nearly  all 
its  original  tabular  surface.  Toward  its  eastern  extremity  its  lower 
slopes  bear  extensive  accumulations  of  sand  hills,  notably  in  the  region 
south  of  Camp  Clarke. 

The  Pumpkinseed  Valley  south  of  this  ridge  is  elevated  somewhat 
above  the  valley  of  North  Platte  River,  into  which  it  opens  at  Lapeer. 
It  varies  in  Avidth  from  7  to  12  miles.  It  is  characterized  by  gentle 
slopes,  which  extend  north  to  the  steep  slopes  and  buttes  of  the  ridge 
above  described  and  to  the  south  to  the  cliffs  and  canyons  at  the  edge 
of  the  high  table.  Lawrence  Pork,  the  principal  branch  of  Pumpkin- 
seed Creek,  occupies  a  valley  which  heads  to  the  south  and  west  on  the 
surface  of  the  table-lands. 

Lodgepole  Valley. — Lodgepole  Creek  has  cut  a  narrow,  steep-sided 
trough  in  the  plains  to  a  depth  averaging  300  feet.  The  valley  con- 
tains a  flat  which  has  a  declivity  of  about  17  feet  to  the  mile,  having  an 
altitude  of  about  4,100  feet  on  the  one  hundred  and  third  meridian  and 
nearly  5,000  feet  at  the  Wyoming  line.  Its  average  width  varies  from 
l.J  to  3  miles.  The  principal  branch  is  Sidney  Draw,  the  two  forks  of 
which  rise  on  the  table-land  in  the  vicinity  of  the  Colorado  line. 

Niobrara  Y alley. — The  Niobrara  River  flows  in  a  wide,  relatively 
shallow  valley,  high  up  on  the  table-lands  lying  between  the  valley 
of  North  Platte  River  and  the  crest  of  Pine  Ridge.  It  enters  Nebraska 
from  Wyoming,  flows  southeast  for  20  miles,  and  then  nearly  due  east. 
At  the  Wyoming  line  its  altitude  is  about  4,700  feet,  and  at  the  one 
hundred  and  third  meridian  about  3,900  feet,  which  indicates  a  gradient 
of  13  feet  to  the  mile.  The  valley  bottom  is  seldom  over  half  a  mile  in 
width,  with  gentle  slopes  interrupted  by  occasional  low  cliff's.  The 
bottom  of  the  valley  is  only  from  400  to  500  feet  below  the  crest  of 
Pine  Ridge,  and  it  is  uniformly  about  400  feet  above  the  level  of  North 
Platte  River  along  a  north-northeast  and  south-southwest  line,  while  to 
the  north  the  lowlands  beyond  Pine  Ridge  are  at  altitudes  about  000 
feet  lower  than  Niobrara  River. 

White  River  Valley. — White  River  rises  in  Pine  Ridge,  near  Harrison, 
at  an  altitude  of  about  4,800  feet,  or  several  hundred  feet  higher  than 
Niobrara  River,  a  short  distance  to  the  southwest.  It  flows  to  the  east, 
and  has  excavated  a  gorge  in  the  northern  face  of  Pine  Ridge,  which 
has  a  fall  of  1,100  feet  in  the  flrst  20  miles,  a  declivity  of  55  feet  to  the 
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mile,  ^^"ear  Crawford  the  valley  of  White  River  merges  into  the  rolling 
plains  at  the  foot  of  Pine  Ridge,  and  then  extends  northeast  as  a  wide, 
shallow  depression  among  rolling  hills,  in  which  its  declivity  is  only  20 
feet  a  mile.  Its  altitude  at  the  one  hundred  and  third  meridian  is 
about  .3,100  feet.  The  river  receives  many  streams  from  the  deep  can- 
yons in  the  northern  front  of  Pine  Ridge,  and  a  number  of  intermittent 
creeks  from  the  rolling  country  northward. 

Hat  Creek  Basin, — Hat  Creek  is  a  branch  of  the  South  Fork  of 
Cheyenne  River.  It  rises  in  a  canyon  in  the  north  front  of  Pine 
Ridge,  in  Sioux  County,  and  receives  numerous  branches  also  heading 
in  this  front.  To  the  east,  where  Pine  Ridge  trends  southeast  and 
passes  around  toward  the  head  of  White  River,  the  divide  between  the 
Hat  Creek  and  White  River  drainages  is  a  low,  narrow  ridge,  which 
projects  from  the  spur  of  Pine  Ridge,  near  Adelia,  and  extends  far  to 
the  northeast  into  South  Dakota.  The  highest  points  on  this  divide 
beyond  Round  Top,  the  high  spur  of  Pine  Ridge,  are  some  outlying 
mounds,  of  which  the  most  conspicuous  is  the  Sugar  Loaf,  due  north  of 
Adelia.  Where  the  ridge  is  crossed  by  the  Burlington  and  Missouri 
River  Railroad,  north-northwest  of  Adelia,  the  altitude  is  3,81G  feet. 
From  the  Sugar  Loaf  northeast  the  ridge  is  moderately  high  for  some 
distance,  and  then  gradually  diminishes  in  height.  It  is  crossed  by  the 
Deadwood  line  of  the  Fremont,  Elkhorn  and  Missouri  Yalley  Railway 
at  an  altitude  of  about  3,G50  feet. 

The  upper  portion  of  the  Hat  Creek  Basin  consists  of  deep  canyons 
extending  far  into  the  north  front  of  Pine  Ridge.  The  sides  of  these 
canyons  rapidly  diminish  in  height  to  the  north,  and  soon  give  idace  to 
a  region  of  low  rolling  hills  having  a  generally  gentle  slope  northward. 
On  the  South  Dakota  line  the  altitude  of  Hat  Creek  is  about  3,500  feet. 

Sand  hills. — There  is  in  this  portion  of  western  Nebraska  a  narrow 
extension  of  the  great  sand-hill  area  of  Nebraska.  The  hills  are  com- 
prised in  a  series  of  detached  groups,  lying  mainly  in  the  northern 
portion  of  Cheyenne  and  the  south-central  portion  of  Sioux  counties, 
which  cover  an  area  of  about  300  square  miles.  Their  distribution  is 
shown  on  the  n)ai),  PI.  LXXXIV^.  The  hills  are  mainly  from  50  to  150 
feet  in  height,  and  the  areas  consist  of  assemblages  of  irregular  dunes 
witli  intervening  basins  and  valleys.  In  T.  2G,  R.  55,  and  T.  27,  R.  56, 
there  are  some  exceptionally  high  sand  hills,  which  rise  somewhat  over 
5,000  feet  in  altitude,  or  from  200  to  250  feet  above  the  surrounding 
plain.  The  lower  dunes  are  in  greater  part  covered  with  a  scanty 
growth  of  grass,  but  there  are  many  areas  of  considerable  extent  in 
which  the  sand  is  bare  and  loose.  These  localities  are  generally 
''blowcmts  "  on  the  northwest  slopes  of  the  larger  dunes.  There  is  an 
extensive  local  sand  hill  area  along  the  south  side  of  the  valley  of 
North  Platte  River,  on  the  slopes  south  of  Camp  Clarke,  which  extends 
as  far  eastward  as  the  vicinity  of  Courthouse  Rock.  The  width  of  this 
belt  is  but  5  miles  at  most,  and  its  length  about  15  miles.  An  area  of 
smaller  size  lies  just  west  of  Chimney  Rock. 
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GEOI.OGY. 
GENERAL  GEOLOGY  OF  NEBRASKA. 

The  geology  of  i^ebraska  presents  broad  structural  features  which  it 
is  necessary  to  outline  before  a  clear  idea  can  be  given  of  the  local 
relations  in  the  western  portion  of  the  State.  The  principal  formations 
which  outcrop  are  extensive  sheets  of  sands  and  clays  of  Cretaceous, 
Tertiary,  and  Pleistocene  age,  underlain  by  Carboniferous  limestone, 
which  outcrops  in  the  southeastern  counties.  In  the  map,  PI.  LXXXII, 
an  attempt  has  been  made  to  indicate  the  present  state  of  knowledge 
of  the  distribution  of  the  principal  formations.  It  is  based  on  a  large 
number  of  new  data  from  personal  observations  made  during  the  last 
three  seasons.  In  the  cross  section,  PI.  LXXXIII,  are  shown  the 
principal  structural  relations  of  the  formations.  The  following  list  sets 
forth  their  order,  age,  and  salient  features : 


Table  of  geological  formations  in  Nebraska. 


Age. 


Name. 


Pleistocene. 


Alluvium 
Sand  hills 

Loess  

Drift  


Pliocene  ? 


Equus  beds  

Ogallala  formation 


Miocene 


fArikaree  formation 


o  . 

:z  r-  ■ 
o 


Gering  formation 


Oligocene 


Cretaceous 


Chadron  formation 
Pierre  clay  


u 

> 

•  i-i 

O  ' 

hi 

Niobrara  formation  

P3  ?. 


Carboniferous 


Benton  shale  

Dakota  sandstone  

{Permian  limestone  . . . 
Cottonwood  limestone 
Wabaunsee  formation 


to] 


Predominating  characters. 

,  Sand,  1  oam,  and  gravel  in  val  1  ey s ; 
talus  on  slopes. 

Sand  mainly  in  dunes,  due  to 
wind  action. 

Fine  sandy  loam  of  pale  brown- 
ish-buff color. 

Bowlder  clays  and  sands  of  glacial 
origin,  and  sandy  clays,  sands, 
and  pebble  beds. 

Gray  sands. 

Calcareous  grit,  sandy  clay,  and 
sand. 

Gray  sand  with  beds  of  pipy  con- 
cretions. 

Coarse  sands,  soft  sandstone,  and 

conglomerate. 
Pinkish  clays,  hard,  and  more  or 

less  arenaceous. 


Pale  greenish-gray  sandy  clay. 
Dark-gray  clay  or  soft  shale. 
Chalky  limestone  and  shale. 


Dark-gray  or  black  shale  or  clay. 
Brown  sandstone. 
Buff  limestones  and  shales. 
Massive  limestone  of  light  color. 
Limestones,   shales,  sandstones, 
and  thin  coal  beds. 


Alluvium. — Owing  to  the  softness  of  the  Cretaceous  and  Tertiary 
formations  which  constitute  the  surface  of  the  greater  part  of  Nebraska, 
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the  river  valleys  are  wide,  and  they  are  floored  to  a  greater  or  less  depth 
with  deposits  of  alluvial  materials  brought  by  the  streams  at  various 
stages  of  their  development.  The  largest  alluvial  areas  are  along  the 
valley  of  Platte  Eiver,  which  has  a  width  of  15  miles  in  the  central 
portion  of  the  State.  Southwest  of  Omaha,  where  the  river  crosses 
the  hard  rocks  of  the  Carboniferous  which  rise  in  the  eastern  part  of 
the  State,  its  valley  is  narrowed  greatly.  The  valleys  of  Republican, 
Blue,  Nemaha,  the  Loups,  Elkhorn,  and  Niobrara  rivers  contain  allu- 
vial deposits  of  moderate  width,  and  all  the  smaller  valleys  contain 
local  alluvial  materials  to  a  greater  or  less  degree.  The  deposits  are 
mainly  sands  and  loams,  intermixed  with  pebbles  in  some  localities, 
and  occasionally  associated  with  local  beds  of  clay  and  accumulations 
of  peat  and  diatomaceous  earth. 

Sand  dunes. — A  wide  area  of  central  Nebraska  is  occupied  by  wind- 
blown sands,  constituting  the  great  sand-hill  district.  Its  area  is  about 
24,000  square  miles.  The  sand  in  this  district  is  blown  into  high  ridges 
and  hills,  but  there  are  numerous  intersecting  valleys  of  various  size 
which  constitute  a  moderate  proportion  of  the  area.  There  are  local 
accumulations  of  wind-blown  sand  of  considerable  extent  along  the 
valley  of  Platte  Eiver  south  of  Kearney,  along  Loup  River  north  of 
Grand  Island,  along  the  south  slopes  of  the  North  Platte  Valley  west 
of  the  one  hundred  and  third  meridian,  and  in  Chase,  Perkins,  and 
Lincoln  counties. 

The  sands  were  largely  derived  from  the  Arikaree  formation,  but  it 
is  also  probable  that  they  are  in  part  the  remains  of  formations  of  early 
Pleistocene  age  or  an  extension  of  the  Equus  deposits  or  the  loess. 

Loess. — The  loess  occupies  more  than  one-third  of  the  area  of  Ne- 
braska, usually  giving  rise  to  level  plains,  which  it  underlies  to  a  thick- 
ness of  about  100  feet.  The  widest  area  is  in  the  table-lands  south  of 
Platte  River.  To  the  northwest  it  is  overlapped  by  the  sand  hills,  but 
it  extends  far  north  in  the  eastern  portion  of  the  State  and  to  the  south- 
west to  Dundy  County.  On  the  divides  it  is  limited  on  the  west  by  the 
high  lands  in  Chase  and  Hayes  counties,  but  extends  farther  up  the 
valley  of  Republican  River.  The  western  margin  in  Deuel  County  is 
marked  by  high  ridges  of  Tertiary  formations,  which  constituted  a 
shore  against  which  the  loess  was  deposited.  The  material  of  the  loess 
is  a  fine  sandy  loam,  somewhat  calcareous,  and  chiefly  of  a  pale 
brownish  yellow  color.  Occasionally  streaks  of  sand  and  old  soil  are 
found,  and  some  portions  are  slightly  more  argillaceous  than  usual. 
The  deposit  is  of  a  remarkably  uniform  texture,  compact,  but  perfectly 
soft.  Much  of  the  water  falling  upon  its  surface  is  absorbed,  but  on 
steep  slopes  there  is  rapid  excavation  wherever  a  rivulet  gets  a  fair 
start.  In  the  lower  part  of  the  formation,  possibly  underlying  it  and 
entirely  sepaiate,  are  deposits  of  volcanic  ash,  usually  mixed  with 
more  or  less  fine  sand,  but  often  consisting  almost  entirely  of  fine 
shreds  of  volcanic  glass. 

The  thickness  of  the  loess  is  variable,  but  over  a  wide  area  of  the 


734         GEOLOGY  AND  WATER  RESOURCES  OF  NEBRASKA. 


central  portion  of  the  State  it  averages  100  feet.  It  has  similar  thick- 
ness at  most  points  near  Missouri  Kiver.  In  the  region  of  drift  hills 
about  Lancaster  County  the  thickness  varies  from  20  to  100  feet. 

The  loess  is  generally  fossiliferous,  containing  many  species  of  fresh- 
water and  land  shells. 

The  loess  is  the  product  of  a  relatively  long  period  of  deposition  at 
the  close  of  glacial  times.  In  the  wide  area  in  central  Nebraska  it  was 
deposited  by  Platte  Kiver  at  a  stage  when  the  river  spread  as  a  wide 
plexus  of  streams  over  the  divide  south  of  its  present  course.  The 
deposits  extend  far  up  the  slopes  of  the  high  drift  hills  about  Lancaster 
County,  and  probably  the  greater  portion  of  this  area  was  originally 
entirely  covered  by  earlier  loess.  Missouri  Eiver  spread  a  wide  mantle 
of  loess  across  the  eastern  margin  of  the  State,  and  in  the  later  stages 
of  deposition  this  loess  was  deposited  in  the  lower,  wider  valleys  among 
the  drift  hills. 

Drift. — The  glacial  drift  covers  the  greater  part  of  Nebraska  east  of 
longitude  97°  30'.  It  is  a  product  of  the  Kansan  epoch  of  the  drift 
period,  when  a  lobe  of  the  glacier  extended  to  Kansas  Kiver.  Extend- 
ing west  from  the  glacial-drift  border  there  is  a  thin  sheet  of  sands  and 
gravels  which  is  continuous  under  the  loess  to  beyond  the  one  hundred 
and  second  meridian.  The  greater  portion  of  the  glacial  drift  consists 
of  blue  and  gray  bowlder  clays.  There  are  locally  included  sand  beds, 
and  in  some  localities  extensive  deposits  of  bowlders.  The  pink  Sioux 
quartzite,  often  in  very  large  masses,  is  a  conspicuous  feature  of  the 
drift,  but  there  are  many  other  rocks  associated  with  it.  Wide  areas 
of  clay  surfaces  with  only  a  few  scattered  bowlders  occur,  and  there  are 
other  areas  of  light  sandy  clays,  particularly  on  the  higher  level  lands, 
which  appear  to  be  loess  merging  into  the  glacial  drift.  The  drift  is 
thick  in  Lancaster  and  Gage  counties.  It  thins  rapidly  toward  Mis- 
souri River,  where  it  is  usually  represented  by  a  thin  layer  of  gravel 
underlying  the  thick  mantle  of  loess.  The  thin  drift  sheet,  which 
extends  far  west  from  the  glacial-drift  margin  under  the  loess,  is  usually 
sand  or  sandy  clay,  commonly  of  pinkish  color.  To  the  north  it  is  often 
represented  by  coarse  sand,  and  to  the  west  It  merges  into  a  gravel 
bed.  Pebbles  of  a  great  variety  of  rocks,  apparently  mainly  of  Kocky 
Mountain  origin,  occur  throughout.  The  westernmost  extension  ob 
served  of  this  deposit  was  in  the  table-land  north  of  Big  spring,  in 
Deuel  County,  where  it  was  represented  by  a  bed  of  gravel  20  feet 
thick  underlying  100  feet  of  loess. 

Ogallala  formation. — Extending  from  Kansas  and  Colorado  far  into 
Nebraska  there  is  a  calcareous  formation  of  late  Tertiary  age  to  which 
1  wish  to  apply  the  distinctive  name  Ogallala  formation.  It  is  a  por- 
tion, if  not  the  whole,  of  the  deposit  which  in  Kansas  and  southward 
has  been  called  the  Mortar  beds,"  "  Tertiary  grit,"  and  other  names. 
It  has  been  regarded  as  a  portion  of  the  Loup  Fork  formation.  It  is 
extensively  developed  in  the  western  part  of  Nebraska,  in  the  region 
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about  Lodgepole  Creek  and  the  area  between  Platte  Eiver  and  the 
Kansas  line  west  of  the  ninety-ninth  meridian.  It  thins  out  in  Banner 
County  and  in  the  central  part  of  Cheyenne  County,  giving  place  to 
the  northwest  to  an  underlying  member  of  the  Loup  Fork  series.  It 
crosses  i^"orth  Platte  River  in  the  western  i^art  of  Deuel  County,  but 
its  limits  in  the  central  and  northern  portions  of  the  State  have  not 
been  ascertained.  It  appears  to  underlie  a  portion  at  least  of  the  great 
sand-hill  district.  In  its  typical  development  the  Ogallala  formation  is 
a  calcareous  grit  or  soft  limestone  containing  a  greater  or  less  amount 
of  interbedded  and  intermixed  clay  and  sand,  with  j)ebbles  of  various 
kinds  sprinkled  through  it  locally,  and  a  basal  bed  of  conglomerate  at 
many  localities.  In  places  it  merges  into  a  light-colored  sandy  clay, 
generally  containing  much  carbonate  of  lime  in  streaks  or  nodules. 
The  pebbles  it  contains  comprise  many  crystalline  rocks,  which  appear 
to  have  come  from  the  Eocky  Mountains.  These  pebbles  accumulate  on 
the  disintegrating  surfaces  of  the  Ogallala  formation,  and  they  appear 
to  have  contributed  largely  to  the  gravel  bed  underlying  the  loess  to 
the  eastward. 

Arikaree  formation. — In  the  western  portion  of  Nebraska  there  is 
found  underlying  the  Ogallala  formation  a  series  of  sands  of  gray  color 
everywhere  characterized  by  layers  of  dark-gray  concretions  which 
often  have  tubular  form.  This  formation  enters  the  State  from  Wvom- 
iug,  and  has  been  found  to  thin  out  under  the  Ogallala  formation  in 
the  eastern  portion  of  Banner  County.  It  has  a  thickness  of  400  feet 
in  Scotts  Bluft'  County  and  of  500  feet  in  Sioux  and  Dawes  counties,  the 
amount  increasing  as  the  Arikaree  displaces  the  Ogallala  formation 
northward.  It  is  extensively  exposed  along  Niobrara  River,  apparently 
to  the  east  of  Yalentiue,  and  it  is  seen  occasionally  along  the  western 
edge  of  the  sand-hill  district,  but  it  has  not  yet  been  distinctly  recog- 
nized in  the  region  drained  by  the  Loup  Forks  or  along  Platte  River 
east  of  Cheyenne  County.  In  its  upper  j)ortion  are  beds  containing  the 
large  DiEmonelix  of  Barbour.  The  name  Arikaree  has  been  applied  to 
the  deposit  for  the  reason  that  the  Arikaree  Indians  were  at  one  time 
identified  with  the  area  in  which  it  is  most  largely  developed.  It  is 
distinctly  separated  from  the  Ogallala  formation  by  erosional  uncon- 
formity and  overlap,  which  is  clearly  illustrated  in  the  western  portion 
of  the  State.  The  formation  includes  a  large  amount  of  volcanic  ash, 
as  a  general  admixture  in  its  sediments  as  well  as  in  beds  of  consider- 
able extent  and  thick uess.  It  also  contains  a  number  of  channels  filled 
with  conglomerate,  which  will  be  described  in  detail  later.  (See 
page  745). 

Gering  formation. — This  formation,  like  the  Arikaree  and  Ogallala 
formations,  was  differentiated  in  the  summer  of  1897.  It  consists  of 
laminated,  massive,  and  cross-bedded,  light-gray,  mainly  coarse  sands 
and  soft  sandstone  at  the  base  of  the  Arikaree  formation.  The  char- 
acter of  the  deposits  and  the  abrupt  change  from  the  typical  Arikaree 
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formation  lias  aflf'orded  a  basis  for  the  discrimination  of  this  formation. 
It  has  been  found  in  Scotts  Bhiff,  Banner,  Cheyenne,  Sioux,  and 
Dawes  counties,  and  locally  attains  a  thickness  of  200  feet.  It  often 
comprises  two  members,  more  or  less  distinctly  separated  by  uncon- 
formity, and  it  lies  unconformabiy  on  the  Brule  clay.  The  materials 
are  sands,  which  vary  from  coarse  to  fine,  and  they  are  often  sufficiently 
lithitied  to  be  classed  as  soft  sandstone.  At  the  base  there  is  usually 
more  or  less  conglomerate  of  local  origin.  In  some  districts  the  for- 
mation thins  out  and  appears  to  be  entirely  absent,  but  possibly  in  this 
case  it  has  simply  lost  its  distinctive  characteristics,  so  that  it  would 
be  overlooked  as  the  lower  portion  of  the  Arikaree  formation.  In  some 
cases  where  the  formation  is  thought  to  be  absent  there  is  seen  to  be 
unconformity  below  the  Arikaree  beds. 

Brule  clay. — The  White  River  beds  in  their  extension  from  South 
Dakota  into  Nebraska,  present  some  differences  in  stratigraphic  range 
and  relations.  They  expand  considerably  and  include,  at  their  toj), 
beds  which  appear  not  to  be  represented  in  the  typical  regions. 
Accordingly,  to  aff'ord  distinct  definitions  for  the  members  in  Nebraska 
I  have  introduced  the  designation  Brule  clay  and  separated  the  under- 
lying Titanotherium  beds  as  the  Chadron  formation. 

The  Brule  clay  consists  mainly  of  a  hard,  sandy  clay,  of  pale-pink 
color.  Its  thickness  averages  about  600  feet  in  the  vicinity  of  the 
Wyoming  line,  but  the  amount  diminishes  greatly  eastward.  In  the 
vicinity  of  the  one  hundred  and  third  meridian  in  the  northwest  cor- 
ner of  the  State  the  amount  is  320  feet.  The  formation  has  not  been 
recognized  east  of  longitude  101°  30^,  where  it  appears  to  sink  beneath 
the  surface  in  the  Platte  Yalley.  It  extends  far  to  the  northeast  in 
South  Dakota. 

Chadron  formation, — Lying  under  the  Brule  clays  there  is  a  thin 
sheet  of  light  greenish  colored  sandy  clay,  the  basal  member  of  the 
White  River  series,  known  as  the  ^'Titanotherium  beds."  Its  outcrops 
extend  in  a  narrow  zone  across  the  northern  portion  of  the  State,  and 
it  is  apparently  exposed  along  North  Platte  River  near  the  Wyoming 
line.  It  is  known  to  underlie  portions  of  Colorado  and  South  Dakota, 
but  it  appears  not  to  extend  far  eastward  in  southern  Nebraska,  for  it 
is  absent  along  Republican  River.  It  is  reported  that  Titanotherium 
remains  were  obtained  near  Longpine,  but  nothing  has  been  learned 
of  the  relation  and  extent  of  the  beds  in  that  locality. 

Pierre  clay. — All  of  Nebraska  west  of  the  ninety-eighth  meridian  is 
underlain  by  the  Pierre  clay.  Its  surface  outcrops  are  in  the  lower 
portion  of  the  Niobrara  Valley,  the  Republican  Valley,  and  the  extreme 
northwestern  corner  of  the  State,  but  it  is  probable  that  careful  search 
may  reveal  outcrops  in  the  valley  of  the  Platte  River  in  the  vicinity  of 
the  ninety-sixth  meridian.  The  formation  is  a  thick  mass  of  dark-gray 
or  bluish  clay  or  soft  shale.  Its  thickness  is  probably  at  least  2,000 
feet  in  the  central- western  portion  of  the  State. 
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Niohrara  and  Beiiton  formations, — Underlying  the  Pierre  clay  there 
is  a  series  of  chalky  limestones  known  as  the  Niobrara  formation  and 
slabby  limestones  and  shales  known  as  the  Benton  formation.  They 
have  a  thickness  of  about  450  feet  to  the  east,  but  thicken  to  the  west. 
At  the  base  there  are  about  200  feet  of  dark  shales,  next  follow  slabby 
limestones  containing  Inoceramus,  then  a  member  consisting  of  shales, 
and  at  the  top  the  Mobrara  formation  with  its  chalky  deposits  char- 
acterized by  thin  hard  beds  filled  with  Ostrea  congesta.  The  forma- 
tions cross  the  eastern  portion  of  the  State,  and  underlie  all  of  the 
area  west  of  the  vicinity  of  the  ninety-seventh  meridian,  but  they  are 
so  deeply  buried  under  drift  and  loess  that  outcrops  are  rarely  visible. 
The  most  extensive  exposures  are  along  Missouri  River  extending 
from  near  the  ninety-seventh  to  the  ninety-ninth  meridian,  and  along 
the  Republican  Yalley  from  Alma  to  near  Superior.  The  formations  are 
exposed  at  intervals  across  the  eastern  portion  of  the  State  in  each  of 
the  larger  valleys  and  some  of  the  branches.  The  more  notable  of  these 
small  outcrops  are  at  Genoa,  north  of  Germantown,  near  Crete,  at 
Pleasant  Hill,  and  in  Beaver  Creek  north  of  Dorchester.  There  is  an 
exposure  of  dark  shales  under  some  ledges  of  Inoceramus  limestone  in 
Big  Blue  River  at  Milford,  which  are  Benton.  During  the  summer  of 
1897  upper  Benton  and  Niobrara  beds  were  discovered  rising  in  a  prom- 
inent anticline  along  White  River  in  the  vicinity  of  Beaver  and  Alkali 
creeks,  in  the  northwest  portion  of  the  State. 

Dakota  sandstone. — The  Dakota  sandstone  underlies  nearly  all  ot 
Nebraska,  and  outcrops  in  a  narrow  belt  extending  from  Missouri 
River  to  the  vicinity  of  the  ninety- seventh  meridian.  It  is  gray  or 
brown  sandstone,  containing  streaks  of  clay  of  greater  or  less  size,  and 
its  aggregate  thickness  is  about  400  feet,  including  a  basal  series  of 
Lower  Cretaceous  sandstone.  Its  surface  passes  under  the  Benton 
shales,  and  with  the  low  westerly  dip  and  gradual  increase  in  altitude 
of  the  State  to  the  west,  the  Dakota  sandstone  is  soon  deeply  buried. 
In  the  central  portion  of  the  State  it  probably  lies  over  2,500  feet  below 
the  surface.  In  its  outcrop  area  it  is  heavily  covered  by  drift  and  loess, 
but  there  are  numerous  exposures  in  the  banks  along  Missouri  River 
in  Dakota  County — which  was  the  type  locality  of  the  formation — 
along  Platte  River  from  Ashland  nearly  to  Plattsmouth,  along  the  val- 
ley of  Salt  Creek  and  its  branches,  at  Beatrice,  and  in  the  valley  of 
Little  Blue  River  in  Jefferson  County.  The  formation  carries  the  great 
artesian- water  supplies,  which  are  so  extensively  developed  by  wells 
in  eastern  South  Dakota  and  on  low  lands  in  Knox,  Cedar,  and  Boyd 
counties,  Nebraska. 

Carboniferous  formations. — The  Carboniferous  limestones,  shales,  and 
sandstones  underlie  all  of  Nebraska,  rising  to  the  north  and  northwest 
about  the  Black  Hills  and  on  the  slopes  of  the  Rocky  Mountains,  as 
shown  in  PI.  LXXXIII  and  fig.  228,  on  page  764.  The  outcrops  in 
eastern  Nebraska  are  in  Douglas,  Sarpy,  Cass,  Lancaster,  Otoe,  Gage, 
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Johnsou,  Pawnee,  Nemaha,  and  Richardson  counties.  The  rocks  are 
hard  and  would  give  rise  to  more  x^rominent  features  in  this  region  if 
it  were  not  for  the  heavy  covering  of  glacial  drift  and  loess.  As  it  is, 
the  exposures  constitute  cliffs  along  Platte  River  from  Ashland  to 
Plattsmouth,  and  thence  at  intervals  along  Missouri  River  to  the  south- 
east corner  of  the  State,  and  occur  in  scattered  outcrops  along  the 
valleys  of  Big  Blue,  Nemaha,  and  Little  Nemaha  rivers  and  Weeping 
Water,  Turkey,  and  Southeast  Salt  creeks  and  their  branches. 

The  rocks  of  the  Carboniferous  period  in  this  region  comprise  forma- 
tions of  Permian  and  upjier  Coal  Measure  or  Missourian  age.  The 
Permian  outcrops  are  probably  restricted  to  the  valley  of  Big  Blue  River 
from  Beatrice  southward.  The  rocks  are  mainly  magnesian  limestones 
of  light  color  with  interbedded  shales.  They  are  extensively  exi)osed 
south  of  Beatrice,  at  Rockford,  Blue  Springs,  Wymore,  and  Holmesville. 
The  other  Carboniferous  members  appear  to  comprise  the  Cottonwood 
and  Wabaunsee  formations  of  the  Kansas  geologists.  They  consist  of 
limestones,  shales,  and  sandstones,  which  contain  thin  coal  beds  in  some 
localities.  Professor  Prosser  has  made  a  preliminary  examination  of 
the  Carboniferous  of  Nebraska,  and  identifies  as  Wabaunsee  the  expo- 
sures about  Peru,  Aspinwall,  Nebraska  City,  Auburn,  Tecumseh,  Dun- 
bar, Nehawka,  Weeping  Water,  and  in  the  long  section  along  Platte 
River,  near  Louisville.  The  Cottonwood  limestone,  a  inassive  bed  full 
of  Fusulina,  was  recognized  west  of  Auburn  about  Glen  Rock  and  John- 
son, and  the  same  beds  extend  over  the  higher  lands  of  western  Rich- 
ardson and  Pawnee  counties.^  In  the  deep  borings,  which  have  been 
made  at  various  points  in  the  southeastern  corner  of  the  State,  it  has 
been  found  that  the  Carboniferous  formations  have,  in  all,  a  thickness 
of  about  1,200  feet,  of  which  about  200  feet  are  Permian.  In  the  deep 
well  at  Lincoln  the  lower  limestones  were  found  to  be  835  feet  thick 
and  underlain  by  800  feet  of  magnesian  limestones  of  undetermined, 
but  probably  in  part  Devonian  age;  this,  in  turn,  by  limestone  appar- 
ently of  the  Trenton  formation,  extending  from  1,813  to  1,947  feet;  a 
supposed  representative  of  the  St.  Peter  sandstone,  having  a  thickness 
of  61  feet;  113  feet  of  magnesian  limestones,  supposed  to  be  the  Mag- 
nesian limestone  of  the  Mississippi  Valley;  and  a  red  sandstone, 
extending  from  2,121  to  2,192  feet,  thought  to  be  Cambrian.  This  was 
found  to  lie  on  a  red  quartzite — penetrated  for  270  feet — supposed  to 
be  an  extension  of  the  Sioux  Falls  quartzite  of  Algonkian  age,  which 
is  underlain  by  granite  rocks  northward. 

There  are  possibly  two  other  formations  underlying  portions  of 
Nebraska  but  not  reaching  the  surface.  To  the  northwest  there  is 
doubtless  an  extension  of  the  Juratrias  red  sandstones  and  greenish 
sands  and  clays  which  are  exposed  so  conspicuously  about  the  margin 
of  the  Black  Hills,  onlv  55  miles  distant  from  the  northwest  corner  of 
the  State.    They  lie  between  the  Carboniferous  limestone  and  the 
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Dakota  sandstone,  as  sliown  in  tlie  sections,  PI.  LXXXIII  and  tig. 
228,  on  page  7G4.  They  are  absent  in  tlie  eastern  portion  of  the  State, 
bnt  in  part  are  extensively  developed  in  Kansas. 

The  other  formation  which  may  extend  into  Nebraska  is  the  Laramie 
sandstone,  which  lies  between  the  Pierre  shale  and  the  Tertiary  for- 
mations in  northeast  Colorado.  It  would  not  be  surprising  if  this 
formation  should  be  found  to  underlie  a  portion  of  extreme  western 
Nebraska,  but  it  is  known  to  be  absent  in  the  Kepublican  Valley  as  far 
west  as  Dundy  County,  and  in  the  region  north  of  Pine  Eidge,  in 
Sioux  and  Dawes  counties. 

GEOLOGY  OF  THE  REGION  WEST  OF  THE  ONE  HUNDRED  AND 

THIRD  MERIDIAN. 

GENERAL  RELATIONS. 

The  formations  of  this  region  comprise  alluvium  and  dune  sands  and 
Ogallala,  Arikaree,^  Gering,  Brule,  and  Chadron  formations,  lying  on  a 
thick  mass  of  Pierre  clay.  The  loess  and  drift  are  not  present.  The 
distribution  of  these  formations,  except  the  alluvium,  is  shown  on  the 
geologic  map,  PI.  LXXXIY.  Their  structural  relations  are  shown  in 
the  series  of  cross  sections,  PI.  LXXXY.  The  older  formations  under- 
lying the  Pierre  shale  do  not  reach  the  surface  nearer  than  the  southern 
slopes  of  the  Black  Hills,  where,  as  shown  in  fig.  228,  they  rise  in  reg- 
ular succession. 

The  relations  of  the  formations,  as  shown  in  Pis.  LXXXIY  and 
LXXXY,  are  relatively  simple.  There  is  a  broad,  thick  sheet  of  Brule 
clay,  underlain  by  a  thin  layer  of  Chadron  formation,  lying  on  the  irregu- 
lar surface  of  the  Pierre  clay,  which  outcrops  in  the  region  north  of  the 
foot  of  Pine  Kidge.  The  Gering  formation  is  a  thin  sheet  of  coarse 
sand  and  soft  sandstone  which  lies  on  the  Brule  clay  mainly  in  chan- 
nels. It  appears  to  outcrop  continuously  along  the  northern  front  of 
Pine  Ridge,  about  halfway  up  the  slope;  it  has  been  recognized  at  one 
point  on  the  north  slope  to  the  valley  of  North  Platte  River.  It  is 
extensively  developed  in  wide  channels  in  the  ridge  lying  next  south, 
but  it  is  absent  in  the  table  land  south  of  Pumpkinseed  Creek,  except 
probably  in  a  small  outlier  exposed  far  up  the  valley  of  Lawrence  Fork. 
The  Arikaree  formation,  consisting  of  fine  sands  with  dark-gray  pipy 
concretions,  constitutes  the  crest  of  Pine  Ridge  and  the  table-land 
extending  north  of  the  Platte  Yalley.  It  also  heavily  caps  the  ridge 
lying  between  the  valleys  of  the  Platte  and  the  Pumpkinseed,  but  it 
thins  rapidly  to  the  south  and  east  in  the  high  table-land  south  of  the 
Pumpkinseed  Yalley,  and  dies  out  east  of  the  mouth  of  Lawrence  Fork. 
The  Ogallala  formation,  consisting  mainly  of  light-colored  pebbly  sands 
cemented  by  carbonate  of  lime,  covers  the  table-land  south  of  the 
Pumpkinseed  Yalley,  lying  on  the  Brule  clay  to  the  east  and  on  a 
thickening  wedge  of  the  Arikaree  formation  to  the  west.  Outlying 
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masses  cap  certain  high  points  on  the  ridge  north  of  the  Pumpkinseed 
Yalley,  and  it  may  possibly  be  present  on  the  higher  portions  of  the 
table-land  north  of  Platte  River,  together  with  outliers  of  the  Equus 
beds.  The  larger  sand-hill  areas  are  on  the  table-land  north  of  the 
valley  of  Phitte  Eiver,  but  smaller  areas  are  found  in  both  Platte  and 
Pumpkinseed  valleys.  Alluvium,  which  is  not  represented  on  the  map 
and  sections,  floors  portions  of  the  valleys  and  merges  upward  into 
wash  and  local  talus  on  the  sloi^es  of  the  hills. 

ALLUVIAL  FORMATIONS. 

On  the  lower  slopes  adjacent  to  North  Platte  River  and  along  the 
other  streams  of  the  region  there  has  been  deposited  a  greater  or  less 
thickness  of  materials  brought  by  the  streams  from  the  higher  lands. 
In  the  valley  of  Platte  River  there  is  a  wide  zone  of  bottom  lands  bor- 
dering each  side  of  the  river,  on  which  is  found  a  mantle  of  alluvium, 
several  feet  thick,  lying  on  the  older  formations  in  which  the  river  val- 
ley was  cut.  The  materials  consist  mainly  of  sandy  loams  with  occa- 
sional coarse  constituents.  On  the  adjoining  terraces  above  is  found  a 
mantle  of  sand  and  gravel,  deposited  when  the  river  was  much  higher 
than  it  is  now.  The  gravels  contain  many  rocks  from  the  Rocky  Moun- 
tains, comprising  granites  of  various  kinds,  quartzites,  chalcedonic  vein 
stones,  often  of  considerable  beauty,  and  a  small  variety  of  eruptive 
rocks.  The  materials  vary  in  size  from  coarse  sand  to  moderately  large 
bowlders.  The  coarser  deposits  give  rise  to  long  narrow  ridges  or  lines 
of  knobs,  while  the  materials  of  intermediate  coarseness  cover  terraces, 
which  in  some  cases  extend  back  from  the  river  bottom  for  several 
miles.  It  is  claimed  that  small  showings  of  gold  have  been  panned 
from  these  formations  at  several  localities.  In  the  valleys  of  the  Lodge- 
pole  and  Pumpkinseed  creeks  and  White  River  the  alluvial  materials 
are  mainly  in  narrow  belts  of  bottom  lands,  and  consist  chiefly  of  local 
materials.  In  the  valley  of  Pumpkinseed  Greek,  however,  there  are  at 
higher  levels  extensive  deposits  of  coarser  gravels  containing  rocks 
from  the  Rocky  Mountains  similar  to  those  along  Platte  River.  It  is 
probable  that  this  river  at  one  time  sent  a  branch  stream  through  the 
wide  depression  now  occupied  by  Pumpkinseed  Greek  and  spread  the 
gravel  on  the  high  terraces.  At  that  time  the  ridge  lying  north  of 
Pumpkinseed  Greek  was  an  island  in  the  midst  of  a  wider  Platte 
River,  but  the  valleys  were  not  so  deep  as  they  are  now.  early  every 
stream  flowing  out  of  the  high  lands  has  brought  down  more  or  less 
alluvial  material  in  the  shape  of  sand  or  local  gravel,  which  merges 
into  the  alluvial  deposits  of  the  larger  valleys.  There  is  also  on  nearly 
all  of  the  slopes  adjoining  the  valleys  a  talus  of  wash  of  sand  and  clays 
from  above,  which  often  covers  the  underlying  formations  to  consid- 
erable thickness. 

None  of  the  alluvial  formations  have  been  shown  on  the  geologic 
mai),  PI.  LXXXIV,  because  some  of  their  relations  are  too  intricate 
for  accurate  representation  on  a  small  scale. 
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SAND  DUNES. 

The  sand  hills  are  a  distinct  geologic  formation  in  this  region,  in  part 
contemporaneous  with  the  alluvial  deposits  along  the  bottoms  of  river 
valleys.  They  are  in  process  of  formation  and  modification  by  the 
strong  winds,  and  are  in  a  measure  still  moving  to  the  southeast.  Two 
typical  views  of  the  sand-hill  region  are  reproduced  in  PI.  LXXXYL 
The  sand  now  constituting  the  sand  hills  was  derived  mainly  from  the 
Arikaree  formation,  which  has  been  carried  over  the  plains  by  the  wind 
and  accumulated  about  the  obstructions.  The  manner  in  which  the 
sand  is  blown  away  is  well  illustrated  in  PI.  XOI,  A.  The  sand  dune 
areas  in  the  North  Platte  Yalley  no  doubt  derived  a  portion  of  their 
material  from  the  sand  banks  and  other  alluvium  of  the  river  which  has 
been  blown  by  the  wind  and  lodged  against  obstructions.  This  is  par- 
ticularly well  illustrated  in  the  area  which  abuts  against  Chimney 
Eock.  The  small  areas  about  Caldwell  and  Dorrington  and  at  other 
points  in  the  Pumpkinseed  Yalley  are  probably  of  similar  origin,  except 
in  a  few  cases  where  local  sources  have  supplied  the  materials. 

OGALLALA  FORMATION. 

The  Ogallala  formation  is  the  uppermost  division  of  the  Tertiary 
deposits  of  this  region.  It  constitutes  the  high  table-lands  on  both 
sides  of  the  Lodgepole  Yalley,  and  cai^s  the  several  small  high  summits 
about  Wild  Cat  Mountain,  northwest  of  Ashford.  As  before  exj)lained, 
it  is  in  the  main  the  extension  of  the  "Tertiary  grit,"  "Magnesia,"  or 
"Mortar  beds"  of  the  Kansas  geologists.  It  consists  of  an  impure  cal- 
careous grit,  or  sand  cemented  with  carbonate  of  lime.  At  its  base 
there  are  often  beds  of  conglomerate  with  pebbles,  consisting  mainly 
of  gray  sandstone  or  limestone.  Throughout  its  mass  there  are  scat- 
tered pebbles  of  crystalline  rocks  from  the  Rocky  Mountains,  streaks 
of  pebbly  sand,  and  thin  ledges  of  sandstone.  The  harder  calcareous 
beds  are  of  white  or  cream  color,  and  outcrop  in  irregular  clift's  along 
the  slopes  of  depressions.  Some  softer  intercalated  beds  of  sandy 
character  are  of  light-pinkish  color.  The  formation  has  a  relatively 
level  surface,  which  constitutes  the  floor  of  the  high  table-land  of  Kim- 
ball County  and  the  southern  portion  of  Banner  and  Cheyenne  counties. 
When  the  rock  disintegrates  on  the  surface  a  greater  or  less  accumula- 
tion of  sand  and  scattered  i)ebbles  remains,  often  constituting  a  soil 
of  greater  or  less  thickness.  This  soil  when  irrigated  usually  proves  to 
be  very  productive.  The  general  thickness  of  the  Ogallala  formation 
varies  from  150  to  300  feet,  the  greater  amount  being  along  the  Wyo- 
ming line,  in  the  northwestern  corner  of  Kimball  County.  As  the  sur- 
face has  been  more  or  less  eroded,  the  original  thickness  is  unknown. 
The  altitude  of  its  base  is  4,100  feet  south  of  Lapeer,  5,200  feet  west 
of  Harrisburg,  4,300  feet  near  Bronson,  5,100  feet  west  of  Bushnell, 
and  5,000  feet  on  Wild  Cat  Mountain.  The  wider  relations  of  the  Ogal- 
lala formation  to  the  older  Tertiary  formations  are  shown  in  the  cross 
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sections  iu  PI.  LXXXY.  In  tliese  sections  it  will  be  seen  that  in  Lodge- 
pole  Yalley  it  lies  directly  on  tlie  Brule  clay  5  along  the  south  side  of 
the  Pumpkinseed  Yalley  it  lies  on  the  Brule  clay  to  the  east^  and  then 
on  the  Arikaree  formation,  which  comes  in  and  gradually  thickens,  to 
the  west.  An  exposure  of  its  basal  conglomerate  is  shown  in  PI. 
LXXXYII.  A  t  this  exposure  the  Arikaree  beds  are  thin,  as  shown  in 
PI.  LXXXYIII,  C.  It  is  everywhere  clearly  separated  below  by  ero- 
sional  unconformity,  and  its  base  is  usually  a  shore  deposit  of  pebbles 
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Fig.  208. — Columnar  section  oi  lormations  exposed  iu  Wild  Cat  Mountain  and  vicinity,  Banner 

County,  Nebraska. 

of  gray  siliceous  and  calcareous  rocks.  In  the  outliers  about  Wild  Oat 
Mountain  the  thickness  is  about  50  feet,  and  the  formation  lies  on  a 
thick  mass  of  Arikaree  formation,  from  which  the  basal  conglomerate 
is  very  distinctly  separated  by  an  unconformity.  The  relations  in  this 
vicinity  are  shown  in  fig.  208. 

Some  typical  sections  illustrating  the  relations  of  the  formations  are 
given  in  PI.  LXXXYIII.  There  may  possibly  be  a  small  area  of  Ogal- 
lala  formation  to  the  east  on  i^ortions  of  the  table-land  north  of  Xorth 
Platte  River,  but  it  was  not  distinguished.  A  few  vertebrate  remains 
were  collected  in  this  formation,  and  it  was  found  to  contain  the  smaller 
Dicmonelix  forms  in  considerable  abundance  in  some  localities. 
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A.    CONGLOMERATE  AT  BASE  OF  OGALLALA  FORMATION  5  MILES  SOUTH-SOUTHEAST  OF 

REDINGTON,  CHEYENNE  COUNTY,  NEBRASKA. 

The  conglomerate  lies  on  Arikaree  formation. 


B.    CONGLOMERATE  IN  ARIKAREE  FORMATION  3  MILES  DUE  SOUTH  OF  LARISSA,  SCOTTS  BLUFF 

COUNTY    NEBRASKA.    LOOKING  NORTHWEST. 
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ARIKAREE  FORMATION. 


Gray  sand  with  pipy 
concretions  < 


The  Arikaree  formation  attains  its  greatest  development  in  Pine 
Ridge,  where  it  presents  a  thickness  of  about  500  feet.  It  constitutes 
a  wide  area  of  table-land  extending  from  Pine  Ridge  to  the  northern 
margin  of  the  valley  of  ^^^orth  Platte  River.  It  occupies  the  ridge  lying 
between  the  valleys  of  North  Platte  River  and  Pumpkinseed  Creek, 
and  to  the  southwest  it  is  exposed  in  the  slopes  of  the  table-lands  next 
south.  The  formation  consists  mainly  of  fine  sand  containing  charac- 
teristic layers  of  hard,  fine-grained  dark-gray  concretions,  often  consist- 
ing of  aggregations  of  long,  irregular,  cylindrical  masses.  These,  for 
convenience,  have  been  called  "pipy  concretions."  They  vary  in  thick- 
ness from  a  few  inches  to  several  feet,  but  from  10  to  15  inches  is  a  fair 
average.  Their  trend  is  east-northeast  and  west-northwest  with  sur- 
prising regularity.  The  lay- 
ers are  often  many  square 
yards  in  area.  A  typical  ex- 
posure of  the  concretions  is 
shown  in  Pi.  XCI,  B,  The 
sands  vary  from  loose  to 
fairly  compact,  and  some  are 
argillaceous.  The  colors  are 
uniformly  light  gray.  O  wing- 
to  the  presence  of  the  hard 
concretions,  the  formation 
generally  gives  rise  to  ridges 
of  considerable  prominence. 
The  steep  escari^ment  of  Pine 
Ridge  consists  almost  entirely 
of  Arikaree  cliffs,  of  which 
typical  views  are  given  in 
Pis.  LXXXI,  XC,  and  XOIY. 
The  relations  of  the  Arikaree 
formation  to  associated  deposits  are  particularly  well  exposed  in  the 
slopes  adjoining  the  Platte  and  Pumpkinseed  valleys.  The  formation 
lies  on  the  Gering  beds  at  many  points,  but  in  some  areas  appears  to 
rest  immediately  on  the  surface  of  the  Brule  clay.  There  is  often  no 
evidence  of  unconformity  in  either  case.  Usually  there  is  an  abrupt 
change  in  the  character  of  the  materials  as  the  coarse  beds  of  the 
Gering  formation  give  place  to  fine  massive  Arikaree  sands  containing 
the  pipy  concretions.  In  some  cases  this  concretionary  development 
appears  to  have  extended  down  into  the  Gering  sediments,  especially 
locally  where  these  sediments  are  fine  sands.  This  relation  is  illus- 
trated in  fig.  201),  and  possibly  also  in  fig.  221,  on  page  753. 

There  is  a  possibility  that  the  upper  member  of  the  Gering  forma- 
tion is  a  basal  portion  of  the  Arikaree  formation,  as  suggested  at  some 


Dark-gray   sand  few 
concretions 


( No  break. ) 


Pink  clay  sandy  above.. < 


Volcanic  ash  8'. 


Fig.  209.— Section  6  miles  southwest  of  Gering,  Nebraska, 
showing  relations  of  Arikaree  and  Brule  formations. 
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localities,  wliicli  would  often  add  difficulty  to  the  identification  of  the 
Gering  formation  where  it  consisted  of  only  one  member.  Along  the 
north  side  of  the  Platte  Yalley,  the  south  side  of  the  Pumpkin  seed 
Valley,  and  in  portions  of  the  ridge  between  these  two  valleys  the 
Arikaree  formation  appears  to  lie  directly  on  the  Brule  clay.  In  these 
instances  there  is  often  either  only  a  faint  suggestion  of  unconformity 
between  the  two  formations  when  the  exposures  are  carefully  examined 
or  simply  a  very  rapid  change  from  sandy,  pinkish  Brule  clay,  with 
some  small  siliceous  concretions,  to  fine  gray  sands,  with  the  typical 
character  and  pipy  concretions  of  the  Arikaree  formation.  Fig.  210 
shows  the  usual  relations  presented  in  the  exposures  along  the  north 
side  of  the  Platte  Valley. 


Fig.  210. — Section  of  Arikaree  and  Brule  formations  on  the  north  side  of  the  valley  of  North  Platte 

River. 

In  PI.  XG,  is  shown  an  exposure  in  which  there  is  marked  uncon- 
formity between  Arikaree  and  Brule  deposits,  and  other  exhibitions  of 
similar  relations  are  shown  in  sections  A  and  G  of  PI.  LXXXVIII, 
sections  G  and  I)  of  PI.  G,  and  Pis.  XGIX  and  GI.  The  relations  of 
the  Arikaree  formation  to  the  Ogallala  formation  are  described  on 
page  742.  The  two  formations  are  sharply  separated  by  an  abrupt 
change  in  character  of  materials,  and  the  basal  Ogallala  beds  are 
mainly  conglomeratic.  The  thinning  out  of  the  Arikaree  deposits  to 
the  southeast  is  clearly  illustrated  in  many  exposures  south  of  Eeding- 
ton.  All  along  the  northern  edge  of  the  table-land  in  Banner  Gounty 
the  formation  has  less  thickness  than  it  presents  in  the  ridge  north, 
where,  in  the  vicinity  of  Wild  Gat  Mountain,  it  is  nearly  500  feet  thick. 
Southwest  of  Harrisburg  the  amount  is  about  150  feet;  south  of  Free- 
port  it  is  100  feet,  as  shown  in  PI.  LXXXVIII,  A;  in  Hackberry  Gan- 
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yon  it  is  40  feet;  and  at  Langs  Point  Arikaree  beds  are  absent,  the 
Ogallala  conglomerate  here  lying  directly  on  the  Brule  clay,  as  shown 
in  section  B  of  PI.  LXXXVIII.  Southeast  of  Langs  Point  there  are 
a  few  thin  outlying  lenses  of  Arikaree  beds,  one  of  which  is  shown  in 
section  Oof  PI.  LXXXVIII;  but  thence  to  the  east  it  thins  out  and 
the  typical  relations  presented  are  those  shown  in  section  D  of  PI. 
LXXXYIII.  In  the  upper  portion  of  the  valley  of  Lawrence  Fork  there 
is  an  outlying  area  of  the  formation,  only  a  few  feet  thick,  between 
supposed  Gering  and  Ogallala  formations,  as  shown  in  fig.  215  (p.  749). 

The  Diemonelix  in  various  forms  occurs  extensively  in  this  formation; 
and  in  Pine  Ridge,  in  Sioux  County,  the  large  forms  of  the  ''Devil's 
corkscrew"  are  found  in  very  great  abundance  in  the  upper  beds  of  the 
formation.  Prof.  E.  H.  Barbour  has  described  these  forms  in  detail 
and  given  an  account  of  their  mode  of  occurrence.^    The  larger  forms 


Fig.  211.— Section  4  miles  northwest  of  Dorrington,  Nebraska,  showing  the  relations  of  conglomerate 

in  Arikaree  formation. 

are  most  abundant  in  the  upper  portions  of  the  depressions  north  of 
Harrison,  but  they  were  observed  also  as  far  east  as  Andrews,  for  some 
distance  in  the  valley  of  Niobrara  River  above  Royville,  and  as  far 
west  as  Lusk  in  Wyoming.  The  smaller  forms  are  very  generally  pre- 
sent throughout  the  region,  and  they  also  occur  in  the  Ogallala  forma- 
tion. In  PI.  XOII  is  shown  an  exposure  of  typical  Diemonelix  beds 
containing  the  large  corkscrew  forms.  It  is  believed  that  no  one  observ- 
ing these  fossils  in  the  field  would  have  any  doubt  as  to  their  vegetal 
nature. 

In  a  portion  of  its  area  the  Arikaree  formation  has  been  observed  to 
contain  a  series  of  old  channels  filled  with  coarse  conglomerate.  The 
occurrence  of  this  conglomerate  is  apparently  restricted  to  the  ridge 
lying  next  south  of  North  Platte  River  and  to  the  vicinity  of  Spoon 
Butte,  near  the  head  of  Sheep  Creek,  in  Sioux  County.  The  horizon 
is  somewhat  above  the  base  of  the  formation,  and  the  conglomerate  is 


"Bull.  Geol.  Soc.  of  America,  Vol.  VIII,  pp.  305-314,  1897. 
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distinct  from  some  local  beds  of  coarse  deposits  occasionally  noticed  at 
or  near  the  base  of  the  formation. 

Some  of  the  relations  of  these  conglomerate-filled  channels  are  shown 
in  section  of  PI.  CI,  and  in  Pis.  LXXIX,  LXXXVII,  and  LXXXIX, 
and  fig.  212.   Beginning  at  the  east,  the  first  outcrops  observed  were 


Conglomerate. 

Arikaree  sand. 

Gering  sand. 
Uncouforniitj'. 
Bruie  clay. 


VERTICAL  SCXUE 


Conglomerate. 

•  Arikaree  formation. 


\  Gering  sand. 

J  Uncontormity. 
>  Brule  clay. 


VERTICAL  SCALE 


Arik.<iree  formation. 


Gering  formation  

Unconformity 
Brule  pink  clay  


^    CDi  <^IP>  '^^^  "--^ 


'^^^•^^^^  Conglomerate. 


HORI-ZONTA  LSCALE 


Fig.  212.— Section  8  miles  south- southeast  of  Gering,  Nebraska,  showing  relations  of  conglomerate 

iu  Arikaree  formations. 

in  Smokestack  Eock,  in  Banner  County.  They  were  next  seen  at  inter- 
vals westward  along  the  south  line  of  Scotts  Bluff  County,  in  buttes 
and  high  points,  as  far  west  as  the  meridian  of  Gering,  and  detached 
areas  are  exposed  on  the  north  side  of  the  ridge  southwest  of  Gering. 
The  last  outcrop  occupies  a  point  3  miles  north-northwest  of  Dorring- 
ton,  near  the  western  end  of  the  ridge,  where  it  has  the  relations 
shown  in  fig.  211. 

It  is  probable  that  the  channel  is  continuous  under  the  ridge  between 
these  x)oints.    Some  features  of  the  more  prominent  exposures  are 


N 


SPOON  BUTTE 


Fig.  213. — Cross  section  from  the  eastern  end  of  Spoon  Butte  southward  to  Sturdivant  ranch 

looking  east. 

shown  in  Pis.  LXXXVII  and  LXXXIX.  The  material  is  a  conglom- 
erate of  pebbles  and  bowlders  of  gray  sandstone,  generally  firmly 
cemented  by  siliceous  matrix.  The  greatest  thickness  observed  was 
30  feet,  in  the  high  x>oint  3  miles  south  of  Larissa.  The  Smokestack 
llock  exposes  about  25  feet.    At  many  localities  it  may  be  seen  that 
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the  beds  lie  on  typical  Arikaree  deposits,  as  shown  in  PI.  LXXXVII, 
and  they  are  overlain  by  typical  beds  of  the  same  formation.  This 
relation  is  shown  in  figs.  212  and  219  (pp.  746,  752). 

In  the  Spoon  Butte  and  adjoiniug  ridges  the  conglomerates  are  of 
somewhat  ditferent  character,  consisting  in  large  part  of  crystalline 
rocks  and  apparently  lying  on  a  steeply  sloping  surface.  The  relations 
are  shown  in  fig.  213. 

In  this  vicinity  it  was  not  practicable  to  ascertain  the  relations  to 
overlying  beds. 

The  Arikaree  deposits  contain  a  large  amount  of  volcanic  ash,  mainly 
as  a  constituent  intermixed  with  the  sand,  but  there  are  also  several 
distinct  beds  of  ash  at  one  or  two  horizons,  though  only  of  local  occur- 
rence. The  relations  of  these  beds  are  indicated  in  section  A  of  PI.  CI 
aud  figs.  208,  214,  217,  219,  and  225,  and  some  further  information 
regarding  them  will  be  found  on  page  760. 

Molluscan  fresh- water  fossils  of  several  species  have  been  found  in 
this  formation,  but  tbey  are  not  sufficiently  distinctive  to  indicate  its 
age  precisely.  One  abundantly  fossiliferous  locality  was  discovered 
south  of  Gering,  where  the  matrix  was  a  thin  bed  of  diatomaceous 
earth.    Vertebrate  remains  were  collected  in  small  numbers. 

GERING  FORMATION. 

Underlying  the  Arikaree  formation,  in  a  portion  of  the  area,  there  is 
a  series  of  coarse  sands,  often  containing  pebbles,  which  ai)pears  to  be 
an  entirely  distinct  formation,  It  is  not  separated  by  unconformity, 
but  it  has  distinctive  characters  over  an  area  of  considerable  extent. 
In  its  typical  exposures  it  is  separated  from  the  Brule  clays  by  a  clearly 
marked  unconformity,  some  of  the  features  of  which  are  shown  in  PI. 
XCYIII.  Its  thickness  varies  from  a  thin  wedge  to  over  200  feet.  Its 
relations  are  extensively  exhibited  in  the  ridge  lying  next  south  of  Xortli 
Platte  Kiver,  and  it  is  thick  and  apparently  in  a  continuous  sheet  along 
the  northern  face  of  Pine  Ridge.  The  southernmost  exposures  are  some 
doubtful  ones  on  Lawrence  Fork,  near  its  head.  In  Pis.  XCIX,  0,  and 
CI  and  figs.  214  to  224,  the  stratigraphic  relations  of  this  formation  are 
illustrated.  Its  greatest  development  in  the  Platte  Valley  is  south - 
southwest  of  Gering,  where  200  feet  are  exposed,  aud  about  Chimney 
Rock,  where  a  thickness  of  about  145  feet  is  attained.  It  is  over  100 
feet  thick  in  Courthouse  Rock  and  in  the  vicinity  of  Bird  Cage  Gap 
and  Redington  Gap.  To  the  west  and  south  it  thins  out,  aiid  at  some 
points  along  both  sides  of  the  ridge  it  is  apparently  absent,  or  possibly 
where  it  ai)pears  to  be  absent  it  is  represented  either  by  clayey  mem- 
bers which  are  not  distinguishable  from  the  Brule  clay,  or  by  fine  sand 
with  concretions  resembling  Ogallala  beds.  Its  absence  is  almost 
certain  in  the  ridge  about  Wild  Cat  Mountain.  In  Scotts  Blulf  the 
relations  of  the  formation  are  very  distinct  and  60  feet  are  exposed. 
On  the  slopes  north  of  Platte  River  the  formation  appears  to  be  absent, 
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except  in  a  small  area  uear  the  southwest  corner  of  Sioux  County, 
where  the  features  shown  in  fig.  214  indicate  that  the  formation  is 
probably  present  locally. 

Along  the  north  face  of  Pine  Eidge  the  formation  presents  the 
features  shown  in  figs.  226  and  227  (pp.  757,  758),  and  PL  XGIII. 

Some  further  facts  and  inferences  as  to  its  relations  are  shown  in 
cross  sections  in  PI.  LXXXV.  Xo  definite  evidence  of  the  continuance 
of  the  formation  could  be  found  in  the  slopes  south  of  Pumpkinseed 
Greek  except  in  the  valley  of  Lawrence  Fork,  in  sec.  4.,  T.  16,  R.  54, 
where  there  is  an  exhibition  of  the  features  shown  in  fig.  215. 

In  the  Lodgepole  Valley  the  Arikaree  formation  appears  to  lie 
directly  on  the  Brule  clay,  both  the  Gering  and  Ogallala  formations 
being  absent. 


Fig.  214. — Section  of  blufif'  in  southwestern  corner  of  Sioux  County,  showing  relatio'is  of  supposed 

Gering  formation. 

The  Gering  formation  presents  many  local  features  of  stratigraphy, 
particularly  in  the  ridge  between  the  valleys  of  Platte  Elver  and 
Pumpkinseed  Greek.  Beginning  at  Jail  Eock,  there  are  instructive 
exi)osures  at  frequent  intervals  to  the  western  end  of  the  ridge.  At 
Gourthouse  Eock  there  are  presented  the  relations  shown  in  section  A 
of  PI.  XGIX.  At  an  altitude  of  3,940  feet  the  distinctive  Brule  clay  is 
unconformably  overlain  by  the  Gering  formation,  apparently  compris- 
ing two  members,  separated  by  marked  unconformity  by  erosion.  In 
both  members  there  are  coarse  beds  below  containing  local  conglomer- 
ate, merging  ux)ward  into  sand,  and  finally  into  sandy  clay.  The  total 
thickness  is  110  feet.  The  characteristic  Arikaree  formation  capping 
Courthouse  Eock  begins  abruptly,  but  with  no  sign  of  unconformity. 
Jail  Eock,  as  shown  in  PI.  LXXVIII,  is  capped  by  the  Gering  forma- 
tion. The  two  members  of  this  formation  present  about  the  same 
relations  at  Birdcage  Gap  as  shown  in  section  B  of  PI.  XGIX,  but  they 
have  somewhat  greater  thickness.  In  the  pinkish  sandy  clay,  at  an 
altitude  of  4,080  feet,  there  was  found  a  portion  of  the  skeleton  of  a  new 
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species  of  Dinictis.^  A  view  of  tlie  relations  in  Birdcage  Gap  is  given 
inPl.XOV. 

At  Eedington  Gap  the  upper  member  of  the  Gering  formation  is  not 
distinguishable  and  the  total  thickness  is  less.  A  local  bed  of  volcanic 
ash  5  feet  thick  appears  to  mark  the  top  of  the  formation.  The  princi- 
pal features  are  shown  in  section  C  of  PI.  XOIX.  Three  miles  north- 
west of  Eedington  Gap  there  was  found  the  section  shown  in  PL 
XCIXj  D.  The  Gering  formation  here  presents  the  usual  basal  beds 
of  coarse  material  lying  unconformably  on  the  Brule  clay.    The  change 


O  5  lO  IS  FEET. 

VERTICAL  SCALE 

JFlG.  215. — Details  of  unconformity  between  Brule  clay  and  supposed  Gering  deposits  in  valley  of 

Lawrence  Fork,  sec.  4,  T.  16,  E,.  54. 

to  the  Arikaree  formations  above  is  abrupt  but  not  marked  by 
unconformity. 

Api:>roaching  Chimney  Eock  there  are  presented  the  features  shown 
in  sections  U  and  F  of  PI.  XOIX.  The  thickness  of  the  Gering  forma- 
tion here  averages  about  125  feet,  and  there  is  much  local  variation  in 
the  stratigraphy.  Coarse  basal  beds  are  often  exposed  lying  uncon- 
formably on  the  Brule  clay.  A  thin  local  bed  of  volcanic  ash  is 
conspicuous  in  some  exposures.  Chimney  Eock  consists  of  a  spire  of 
Gering  formation  rising  from  a  conical  hill  of  Brule  clay.  The  material 
is  a  gray,  thinly  bedded,  soft  sandstone  with  slightly  coarser  materials 
at  its  base.    The  unconformable  contact  with  the  Brule  clay  is  at  an 


'Recently  described  by  F,  A.  Lucas  as  Dinictis  major,  Am.  Jour.  Sci.,  4th  series,  Vol.  VI,  1898,  pp. 
399-400 
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altitude  of  4,100  feet,  and  there  is  here  considerable  carbonaceous 
material,  strongly  suggestive  of  an  old  soil.  At  an  altitude  of  4,135 
feet  there  is  a  faint  unconformity  and  two  thin  beds  containing  volcanic 
ash.  Two  views  of  Chimney  Eock  are  given  in  PI.  XCYII,  and  the 
relations  of  the  formations  are  shown  in  section  A  of  PI.  C. 


E  O  4.70O' 


Vm.  216, — Cross  section  of  ridge  10  miles  south  of  Gering,  Nebraska,  looking  west. 


Southwest  of  Chimney  Rock  the  Gering  formation  greatly  decreases 
in  thickness,  but  it  continues  to  present  its  characteristic  features,  as 
shown  in  sections  B  and  C  of  PL  C.  The  two  members  are  well  char- 
acterized as  far  as  the  east  side  of  Sheep  Mountain.  Along  the  south 
side  of  this  butte  the  basal  member  of  the  Gering  formation  is,  in 
places,  not  clearly  separable. 


riG.  217- — Section  8  miles  due  south  of  Gering,  Nebraska. 


At  the  curiously  sculptured  Twin  Sisters,  which  are  of  Gering  forma- 
tion, the  unconformity  is  finely  exhibited,  as  shown  in  PI.  LXXX,  A, 
The  materials  consist  of  coarse  sands  and  soft  sandstone,  merging 
upward  into  a  G-foot  bed  of  pinkish  sandy  clay,  above  which  there  is 


ARIKAREE  FORMATION,  GERING  FORMATION,  AND  BRULE  CLAY,  IN  BIRDCAGE  GAP,  CHEYENNE 
COUNTY,  NEBRASKA.    LOOKING  NORTHEAST  THROUGH  THE  GAP. 
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a  moderately  sharp  break,  followed  by  an  upper  member  of  gray  sand 
which  constitutes  the  heads  and  shoulders  of  the  Sisters.''  Some  of 
the  relations  in  this  vicinity  are  shown  in  section  B  of  PI.  XCYI,  which 
also  shows  the  apparent  thinning  out  of  the  formation  a  short  distance 
northward. 

The  Gering  formation  appears  to  be  absent  at  the  Smokestack,  and 
in  Round  Top,  Coyote  Hill,  and  Castle  Rock.  In  Castle  Rock,  as 
shown  in  section  D  of  PI.  C,  the  Brule  clays  become  sandy  in  their 
upper  portion,  but  present  no  suggestion  of  stratigraphic  break  uutil 
the  base  of  the  well-characterized  Arikaree  dei)osits  is  reached,  at  an 
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Fig.  218. — Section  of  Gering  and  associated  formations  6  miles  south-soutliwest  of  Gering,  Nebraska. 


altitude  of  4,340  feet,  where  there  is  an  unconformity  marked  by  a  bed 
of  white  clay  a  foot  thick  on  a  carbonaceous  surface,  strongly  sug- 
gestive of  old  soil.  This  soil  and  the  relations  of  the  formation  indi- 
cate that  there  was  here  a  land  surface  while  the  Gering  formation 
was  being  deposited  to  the  south. 

The  Gering  formation  extends  continuously  for  several  miles  west 
from  the  Twin  Sisters.  At  a  point  4  miles  west-northwest  it  has  the 
relations  shown  in  section  jP  of  PI.  CI,  consisting  of  two  members 
with  an  aggregate  thickness  of  120  feet.  It  contains  the  usual  coarse 
beds  at  the  base  of  each  member,  and  in  the  base  of  the  lower  member 
there  is  a  2J-foot  bed  of  pure  volcanic  ash.    In  the  next  bluff,  1.^  miles 
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northwest,  there  are  exposed  the  features  shown  in  section  C  of  PI.  01. 
In  the  next  IJ  miles  the  formation  thins  rapidly,  as  shown  in  section 
B  of  PI.  CI,  and  it  appears  to  thin  out  locally  to  the  south  and  at 
intervals  to  the  west. 

In  the  high  butte  2^  miles  west-southwest  of  Larissa,  as  shown  in 
section  A  of  PI.  01,  the  Gering  formation  is  probably  represented  by 
a  thin  wedge  of  laminated  sandstone,  which  is  exposed  on  the  south 
slope  but  is  absent  to  the  north.  In  the  buttes  south  of  Gering  the 
formation  occurs  in  irregular  masses  and  for  some  distance  is  not  over 
50  feet  in  thickness.  Its  relations  in  this  vicinity  are  shown  in  fig. 
216,  at  B  and  0. 


Fig.  219. — Section  of  Gering  and  associated  formations  7  miles  south- southwest  of  Gering,  Nebraska. 


At  B  in  this  section  the  Gering  beds  consist  of  sand  and  sandy  clay, 
with  streaks  of  conglomerate  at  their  base.  There  is  a  very  abrupt 
change  to  Arikaree  beds  at  their  summit.  The  details  of  stratigraphy 
at  B  are  shown  in  fig.  217. 

At  this  exposure  there  is  a  bed  of  volcanic  ash  in  the  base  of  the 
Gering  formation,  with  alternations  of  sands  and  sandy  clays  above  to 
a  sharp  unconformity  at  4,390  feet.  Above  this  unconformity  are 
sands,  pebbly  at  base,  which  appear  to  merge  up  into  the  Arikaree 
beds.  They  may,  however,  constitute  the  upper  member  of  the  Gering 
formation. 

In  the  very  prominent  point  in  the  northwest  corner  of  R.  55,  T.  20, 
6  miles  south-southwest  of  Gering,  the  formation  attains  its  maximum 
development  for  this  district,  having  a  thickness  of  200  feet  and  the 
composition  shown  in  fig.  218. 

A  mile  south  of  this  exposure  the  Gering  beds  have  the  character 
and  relations  shown  in  fig.  219,  which  illustrates  the  thinning  to  the 
south. 
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CHIMNEY  ROCK,  CHEYENNE  COUNTY,  NEBRASKA. 

A,  From  the  west,  showing  volcanic-ash  bed  ;  B,  Fronn  the  east,  Gering  sandstone  on  Brule  clay  (the  horse  is  on  a 

bed  of  volcanic  ash). 
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GERING  FORMATION,  LYING  U NCONFORMABLY  ON  BRULE  CLAY,  CHEYENNE  COUNTY,  NEBRASKA, 

A,  With  conglomeratic  beds,   4  miles  northwest  of  Redington  (\he  man's  hand  is  at  the  contact):  />,  2  miles  southwest 

of  Chimney  Rock. 
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The  uncouformity  at  4,480  feet  may  be  either  in  the  Gering  formation, 
separating  it  into  two  members,  or  at  the  base  of  the  Arikaree  forma- 


FlG.  220. — Section  of  Gering  and  associated  formations  in  Cedar  Canyon,  8  miles  southwest  of  Gering, 

Nebraska. 

tion,  here  including  coarse  beds  and  a  thin  layer  of  nearly  pure  vol- 
canic ash.    West  of  this  vicinity  the  formation  again  thins  rapidly, 


Gray  sand  with  pipy  concretions  •(  ;V -^^^K* ' '^^^^^^ .' ■ " 

Fine  ijray  sand,  few  small  concretions.  ./  ■<*•.•;  BV     ^^ -^^^ 


Volcanic  ash. 
Pink  clay  


Volcanic  ash. 


Fig.  221.— Section  of  Gering  and  associated  formations  at  the  moutli  of  Cedar  Canyon,  7  miles 

southwest  of  Gering,  Nebraska. 

and  on  the  north  side  of  the  upper  part  of  Cedar  Canyon  it  has  the 
relations  shown  in  fig.  220. 
19  GEOL,  PT  4  48 
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Fig.  222.— Section  at  Signal  Butte,  Scotts  Blutt' 
Countj^  Nebraska. 


One  mile  northeast  of  this  exposure,  in  the  high  point  at  the  mouth 
of  Cedar  Canyon,  the  formation  is  only  doubtfully  recognized  with  the 
relations  shown  in  fig.  221.    In  other  places  to  the  west  and  north  for 

some  distance  the  formation  is  either 
absent  or  very  thin  and  not  well 
characterized. 

In  the  Scotts  Bluff  ridge  west  of 
Gering  the  Gering  formation  has  a 
thickness  of  GO  feet.  It  is  finely  ex- 
posed in  the  butte  of  which  Scotts 
Blufi"  is  the  north  face,  where  its  rela- 
tions are  as  shown  in  fig.  225.  Some  of  its  features  may  also  be  seen  in 
PI.  CII.  Dome  Eock  exhibits  50  feet  of  the  Gering  formation,  capped 
by  a  small  mass  of  Arikaree  formation.  In  the  vicinity  of  Signal  Butte 
the  Gering  formation  appears  to  be  represented  by  GO  feet  of  lami- 
nated dark-gray  sands  or  soft  sandstone  lying  unconformably  on  the 
Brule  clay,  the  unconformity  being  strongly  marked.  At  the  toj)  of 
the  butte  there  is  a  cap  of  thin,  hard,  white,  calcareous  deposit,  which 
extends  widely  in  the  vicinity.    The  relations  are  shown  in  fig.  222. 

The  Gering  formation  is  developed  in  places  north  of  Dorrington 
with  the  relations  shown  in  fig.  223.    The  thickness  is  50  feet,  and  the 
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Fig.  223.— Section  of  Gering  and  associated  formations  2  miles  northeast  of  Dorrington,  Nebraska. 

coarse  basal  beds  lying  unconformably  on  the  Brule  clay  are  finely 
exposed  at  several  points.  The  formation  also  here  contains  a  thin  bed 
of  volcanic  ash  near  the  top. 

Along  the  south  side  of  the  ridge  from  Dorrington  to  Ashford  the 
formation  is  either  absent  or  not  characteristic.  Near  Funnel  Rock 
the  Arikaree  beds  lie  unconformably  on  the  Brule  clay,  as  shown  in 
fig.  224.  In  the  region  north-northeast  of  Ashford  the  Gering  forma- 
tion is  very  distinct  again  for  a  few  miles,  especially  high  up  in  the 
canyons  which  are  cut  into  the  ridge.  In  two  of  these  canyons  the 
outcrop  is  marked  by  large  springs.    The  relations  in  this  vicinity  are 
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SECTIONS  OF  EXPOSURES  SHOWING  THE  RELATIONS  OF  GERINQD. 
A,  At  Courthouse  Rock;  B,  At  Birdcage  Gap;  C,  At  Redington  Gap;  D,  4  miles  so  uth -south  east  | » 
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represented  at  D,  and  F  in  fig.  216  (p.  750).  At  D,  high  up  a  canyon, 
there  is  a  fine  exposure  of  50  feet  of  coarse  Gering  beds  lying  uncon- 
formably  on  Brule  clay  and  fairly  sharply  separated  from  Arikaree  beds. 
At  E,  farther  down  the  canyon,  similar  relations  are  exhibited.  At  F,  on 
the  point  at  the  mouth  of  the  canyon,  there  is  no  trace  of  the  coarse  beds ; 
the  fine  sand,  similar  to  that  of  the  Arikaree  deposits  but  with  smaller 
and  more  widely  scattered  concretions,  lying  directly  on  the  Brule  clay 
with  faint  unconformity  apparent.  Farther  east,  at  Castle  Eock,  in 
Banner  County,  and  in  the  prominent  point  1 J  miles  west  of  this  rock, 
the  identity  of  the  formation  is  not  satisfactorily  established.  The 
relations  at  these  localities  are  shown  in  sections  B  and  E  of  PI.  CI. 
In  the  bluffs  on  the  south  side  of  the  ridge,  northeast  of  Kedington, 


Fig.  224. — Section  in  vicinity  of  Funnel  Rock,  1  mile  north  of  Ashford,  Nebraska. 


the  Gering  formation  is  again  recognized.  Its  unconformity  to  the 
Brule  clay  is  often  finely  exposed  in  this  vicinity,  as  shown  in  PI. 
XCYIII,  B. 

BRULE  CLAY. 

This  thick  mass  of  sediment  which  underlies  the  greater  part  of  the 
region  consists  mainly  of  massive  clay  or  a  mixture  of  fine  sand  and 
clay,  of  pale  flesh  color.  It  is  widely  exposed  in  the  valleys  of  [N'orth 
Platte  Kiver  and  Pumpkinseed  Creek,  extends  along  the  lower  portion 
of  the  northern  slope  of  Pine  Eidge,  and  is  bared  in  the  narrow  depres- 
sion of  Lodgepole  Creek  and  Sidney  Draw.  In  the  valley  of  the  North 
Platte  it  is  often  widely  overlain  by  alluvial  deposits,  and  this  also  is 
the  case  to  a  less  degree  in  the  smaller  valleys.  Along  the  foot  of  Pine 
Eidge  the  formation  is  largely  covered  by  wash  and  talus,  and  by  a 
small  amount  of  alluvium  along  White  Eiver  and  its  tributaries.  The 
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formation  underlies  all  the  high  table-lands,  where,  as  shown  in  the 
sections  of  PI.  LXXXV,  it  is  thickly  covered  by  the  later  Tertiary 
deposits.  ]N"orth  of  Pine  Kidge  it  has  been  deeply  eroded,  and  beyond 
a  narrow  zone  of  outcrops  of  the  underlying  Chadron  beds  the  Pierre 
clay  succeeds  as  the  surface  formation.    There  are  extensive  expos- 


FiG.  225.— Section  of  north  face  of  Scotts  Blulf. 


uresof  the  Brule  clay  in  the  northern  face  of  Scotts  Bluff,  where,  from 
the  base  of  the  overlying  Gering  beds  to  the  river,  there  is  a  vertical 
interval  of  500  feet  of  continuous  outcrop,  and  the  formation  has  a  small 
additional  thickness  below  the  level  of  the  river.  (See  Pis.  CIT,  ClII, 
and  CIV.)    Along  the  northern  front  of  Pine  Pidge  the  formation 
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averages  600  feet  in  thickness,  but  beginning  near  Crawford  it  gradu- 
ally tliins  to  the  east  to  about  350  feet  in  the  vicinity  of  Ohadrou.  In 
Bound  Top,  just  west  of  Adelia,  there  are  655  feet  of  Brule  beds. 
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Fig.  226. — Section  from  Round  Top  to  Aclelia  station,  Sioux  County,  Nebraska. 

In  the  region  southeast  of  Gering  the  Brule  formation  contains  or  is 
underlain  by  a  bed  of  coarse  material  which  appears  to  extend  several 
miles.  It  consists  of  coarse,  cross-bedded  sand  and  conglomerate  lying 
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about  120  feet  below  the  top  of  the  formation.  The  thickness  varies 
from  10  to  80  feet,  the  thickest  portion  appearing  in  canyons  and 
buttes  5  to  6  miles  south  of  Gering.  The  relations  in  this  vicinity  are 
illustrated  in  fig.  216  (p.  750),  and  one  of  the  finest  exposures  is  shown 
in  PI.  OY,  B,  There  are  other  exposures  north  of  Larissa  and  northeast 
of  Chimney  and  Castle  rocks,  as  shown  in  sections  A  and  B  of  PI.  C. 
In  the  area  near  Larissa  and  south  of  Gering  there  is  also  associated 
a  thin  bed  of  very  compact  limestone,  which  again  outcrops  north  of 
Sunflower. 

In  the  bad  lands  about  Adelia  station  on  the  Burlington  and  Mis- 
souri  River  Railroad  there  are  extensive  exposures  of  the  Brule  and 
associated  formations.    (See  Pis.  CVI  and  CVII  and  fig.  226.) 


Fig.  227. — Section  at  Chadron,  Nebraska. 


This  section  closely  resembles  the  typical  section  in  the  Big  Bad 
Lands  in  South  Dakota,  but  appears  to  include  some  higher  beds.  The 
alternation  of  greenish  and  pinkish  clays  with  brown  nodular  layers 
lying  on  the  Chadron  sands  is  similar  to  the  Oreodon  series  and  yields 
many  of  the  same  mammalian  remains.  The  sandstone  next  above 
probably  represents  the  Metamynodon  series,  and  in  it  was  found  a 
fragment  of  a  tooth,  probably  of  Metamynodon.  The  overlying  clays 
can  be  less  definitely  correlated,  especially  those  toward  the  top,  which 
I  believe  are  higher  than  the  highest  beds  represented  in  the  Big  Bad 
Lands.  They  contain  two  beds  of  volcanic  ash,  the  upi)er  one  12  feet 
thick,  of  nearly  pure  material,  in  flat,  glassy  scales,  not  so  vesicular  as 
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usual.  Along  the  eastern  extension  of  Pine  Ridge  the  intermediate 
beds,  those  extending  from  4,000  to  3,725  feet  in  the  Round  Top  sec- 
tion, soon  thin  out  and  the  Chadron  formation  is  overlain  by  the  flesh- 
colored  clay,  with  its  volcanic  ash  layer  near  the  top.  A  section  at 
Chadron  is  given  in  fig.  227. 

CHADRON  FORMATION. 

This  basal  formation  of  the  Tertiary  series  outcrops  in  a  narrow  zone 
along  the  lower  slopes  north  of  Pine  Ridge,  just  outside  the  margin  of 
the  overlying  Brule  clays.  There  is  also  a  small  area  of  outcrop  in  the 
valley  of  !N"orth  Platte  River  in  the  vicinity  of  Caldwell.  The  deposits 
have  heretofore  been  known  as  the  Titanotherium  beds,"  from  the 
frequent  occurrence  of  remains  of  several  species  of  a  large  mammal 
which  has  been  named  the  Titanotherium.  As  the  large  bones  and 
peculiar  teeth  of  this  animal  are  very  distinctive  features,  an  illustration 
of  a  skeleton  is  reproduced  in  PI.  CVIII,  to  aid  in  identification  of  the 
formation.  The  predominating  material  of  the  formation  is  sandy  clay 
of  light  greenish- gray  color,  usually  with  coarser  beds  at  the  bottom, 
including  deposits  of  gravels  often  several  feet  thick.  The  beds  above 
these  gravels  are  often  of  bright  dark-red  color,  notably  in  the  region 
about  Adelia.  The  thickness  of  the  formations  varies  from  30  to  GO  feet 
in  the  outcrops  along  the  foot  of  Pine  Ridge.  It  thickens  considerably 
in  the  vicinity  of  Adelia,  where  there  are  included  some  masses  of  dark 
gray  and  buff  sandstone  of  coarse  texture.  At  many  points  around 
its  outer  margin  the  Chadron  Sands  may  be  seen  lying  on  the  irregular, 
black  or  generally  rusty  surface  of  the  Pierre  shale. 

PIERRE  CLAY. 

The  entire  region  to  which  this  report  relates  is  underlain  by  the 
Pierre  clay,  a  thick  mass  of  dark-colored  clays  or  shales  constituting 
the  upper  member  of  the  Cretaceous  formations  in  some  portions  of  the 
Plains.  Possibly  under  the  southwestern  corner  of  Nebraska  the  Ter- 
tiary formations  are  underlain  by  the  edge  of  the  Laramie  formation — 
a  series  of  sandstones  higher  in  the  Cretaceous — but  of  this  there  is  at 
present  no  evidence.  The  Pierre  shale  outcrops  in  the  northern  por- 
tion of  Sioux  and  Dawes  counties,  as  shown  in  PI.  LXXXIV.  The  sur- 
face of  the  formation  rises  somewhat  with  the  general  upward  slope 
of  its  beds  toward  the  Black  Hills  uplift,  and  it  is  exposed  by  the  ero- 
sion which  has  removed  the  Tertiary  formations  over  the  lowlands 
extending  from  the  valleys  of  White  River  and  Hat  Creek  to  the  foot 
of  the  Black  Hills.  The  dark  shale  gives  rise  to  a  rolling  region  of 
scant  vegetation  and  poor  water  supply.  Exposures  are  frequent,  and 
the  dark-yellow  or  rusty  surfaces  due  to  the  oxidation  of  the  iron 
pyrites  in  the  shale  are  characteristic  features  of  the  area. 

Distinctive  fossils  of*  numerous  marine  mulluscan  species  are  abun- 
dant in  the  Pierre  clay.    The  fossils  are  often  preserved  in  concretions 
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of  gray  siliceous  matter  of  lenticular  form ,  which  abound  in  the  upper 
portion  of  the  formation.  The  precise  thickness  of  the  Pierre  shales 
is  not  known,  but  it  probably  exceeds  2,000  feet. 

NIOBRARA  LIMESTONE. 

The  Pierre  shale  is  underlain  by  the  iS^iobrara  limestone,  but  this 
formation,  does  not  reach  the  surface  in  the  portion  of  i^ebraska  west 
of  the  one  hundred  and  third  meridian.  As,  however,  it  would  be 
reached  by  deep  borings  for  artesian  water,  some  of  its  characteristics 
should  be  pointed  out.  Its  thickness  is  about  50  feet.  It  (consists 
mainly  of  a  massive  dark-gray  chalk  or  soft  limestone,  which  weathers 
to  a  buff  or  light-cream  color  when  exposed  to  the  atmosphere.  The, 
formation  can  be  readily  recognized  by  the  very  distinctive  fossil  Ostrea 
congesta,  which  is  nearly  always  present  in  abundance  in  thin  hard  lay- 
ers. In  order  to  aid  the  well  driller  in  identifying  this  formation  in 
borings,  an  illustration  of  this  fossil  is  introduced  in  PI.  CIX. 

BENTON  FORMATION. 

Underlying  the  Niobrara  limestone  and  abruptly  separated  from  it 
are  the  Benton  shales,  which  have  a  thickness  of  GOO  or  more  feet. 
They  contain  thin  layers  of  sandstone  and  limestone;  one  of  the  latter, 
about  400  feet  above  the  Dakota  sandstone,  is  filled  with  the  Inocera- 
raus  shown  in  PI.  OIX.  The  formation  lies  far  below  the  surface  along 
the  South  Dakota  line,  but  outcrops  extensively  in  the  vicinity  of 
Edgeinont,  having  the  relations  shown  in  fig.  228. 

DAKOTA  SANDSTONE. 

This  is  the  water-bearing  sandstone  of  South  Dakota  and  northeast- 
ern Nebraska,  and  it  underlies  all  the  region  to  which  this  report 
relates.  It  is  a  gray  or  brownish  sand  rock,  occurring  in  thick  beds, 
with  intercalated  lenses  of  shale  or  clay  and  occasionally  thin  seams 
of  coal.  Its  relations  in  the  northern  x^artof  the  area  are  shown  in  fig. 
228  and  PI.  LXXXIII.    Its  lower  beds  are  of  Lower  Cretaceous  age. 

VOLCANIC  ASH. 

In  studying  the  geology  of  this  region  it  was  found  that  several  for- 
mations contained  extensive  deposits  of  volcanic  ash.  Some  of  this 
material  was  found  in  the  Chadron  formation,  two  very  widespread 
beds  occur  in  the  Brule  clay,  lenses  of  the  ash  are  often  included  in  the 
Gering  formation,  and  there  is  a  general  admixture  of  ash  as  well  as  a 
number  of  thick  beds  of  it  in  the  Arikaree  formation.  So  far  as 
observed,  it  is  rare  in  the  Ogallala  formation.  In  the  central  and  east- 
ern portion  of  the  State  it  occurs  mainly  in  the  lower  portion  of  the 
loess. 

The  ash  deposits  are  usually  more  or  less  mixed  with  clay  or  sand, 
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B.    LENS  OF  COARSE  MATERIAL  IN  BRULE  FORMATION,  4  MILES  SOUTH  OF  GERING,  NEBRASKA. 
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but  there  are  many  beds  in  wbich  the  deposits  are  thick  and  pure. 
They  promise  to  have  considerable  commercial  value,  mainly  for  polish- 
ing powder. 

The  most  persistent  layer  is  in  the  Brule  clay,  at  an  average  distance 
of  about  70  feet  below  its  top,  in  the  ridge  next  south  of  North  Platte 
Kiver.  This  bed  is  shown  in  Pis.  XCVII  and  CV,  A.  A  lower  bed, 
usually  much  less  pure,  occurs  from  80  to  100  feet  below  the  upper  one. 
On  the  north  side  of  Pine  Jiidge  these  two  horizons  are  recognized  in 
some  of  the  higher  beds  in  Sowbelly  Canyon  and  at  Round  Top  and 
near  Ghadron,  as  shown  in  figs.  226  and  227.  Tlie  volcanic  ash  occur- 
ring in  the  Gering  formation  is  usually  restricted  in  extent  and  variable 
in  relations.    It  is,  however,  often  exceptionally  pure. 

The  Arikaree  formation  contains  a  sprinkling  of  ash  almost  through- 
out its  extent.  In  some  of  the  bluffs  southwest  of  Gering  a  thickness 
of  100  feet  of  sandy  clays  of  this  formation  was  observed  which  con- 
tains a  fairly  large  proportion  of  ash.  In  the  high  isolated  butte  3 
miles  west  by  south  from  Larissa  there  is  a  15-foot  bed  of  nearly  pure 
ash,  with  pipy  concretions  scattered  through  it,  in  the  midst  of  the 
Arikaree  formation.  In  Wild  Cat  Mountain  beds  of  ash  were  found 
at  intervals  nearly  to  the  cap  of  the  Ogallala  formation.  The  formation 
contains  a  large  admixture  of  ash  in  the  vicinity  of  Fort  Eobinson,  and 
again  at  Round  Top,  near  Adelia,  as  shown  in  fig.  226  (p.  757). 

The  ash  in  these  formations  was  probably  derived  from  volcanoes  in 
the  Rocky  Mountain  region,  for  there  is  no  evidence  of  Tertiary  vol- 
canoes in  the  vicinity.  The  ash  was  undoubtedly  borne  on  the  winds 
and  deposited  in  the  waters  which  laid  down  the  several  Tertiary 
formations.  When  the  ash  came  in  large  volume,  or  there  was  very 
little  other  sediment,  pure  deposits  resulted,  but  ordinarily  there  was 
considerable  admixture  of  the  tine  sand  and  clay. 

UNDERGROUIS^D  WATERS. 
GENERAL  CONDITIONS. 

The  relations  of  underground  waters  in  this  region  present  a  variety 
of  features.  In  many  localities  there  are  large  supi)lies  at  moderate 
depths,  and  in  other  places  the  amount  of  waters  in  reach  of  the  aver- 
age farmer  is  so  small  as  seriously  to  interfere  with  the  settlement  of 
areas  of  considerable  extent.  This  has  been  particularly  the  case  where 
large  volumes  of  water  were  needed  for  cattle.  The  greatest  difficulty 
in  obtaining  water  has  been  in  the  area  of  the  Brule  clay  back  from  the 
rivers  and  in  the  region  underlain  by  Pierre  clay.  In  the  fiats  adjoin- 
ing the  river  in  the  Platte  Valley  and  in  the  Lodgepole  Valley  water 
supplies  are  usually  obtained  in  wells  from  10  to  40  feet  in  depth.  On 
the  table  lands  on  both  sides  of  the  Lodgepole  Valley  waters  are  obtain- 
able in  large  volume  from  wells  from  150  to  300  feet  deep,  the  depth 
in(;reasing  gradually  westward.  In  the  Niobrara  Valley  supplies  of 
water  are  obtained  from  shallow  wells  in  the  narrow  strip  of  alluvial 
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deposits  near  the  river,  and  farther  back  on  the  table-land  plenty  of 
water  is  found  at  depths  varying  from  50  and  100  feet  on  the  lower 
slopes  to  300  feet  in  some  of  the  highest  areas  to  the  northwest.  In 
the  sand  hills  water  accumulates  in  basins  at  moderate  distances  below 
the  surface,  so  that  shallow  wells  ordinarily  obtain  satisfactory  supi^lies. 

Along  the  outer  edge  of  the  Brule  clay  area  north  of  Pine  Ridge 
water  is  usually  found  in  the  underlying  Ohadron  satids.  In  PI.  CX 
are  shown  the  depths  to  water  supplies  in  the  western  Nebraska  region, 
based  on  observations  of  the  water  level  in  wells  and  springs  and 
determinations  of  the  geologic  relations  of  the  water-bearing  formations. 

WATER  HORIZONS. 

In  the  alluvial  formations  along  Platte,  Niobrara,  and  White  rivers 
and  Lodgepole,  Pumpkinseed,  Snake,  and  Hat  creeks,  and  some  of 
their  branches,  the  water  supply  constitutes  an  underflow.  Along  the 
Platte  this  underflow  is  of  large  volume,  but  in  some  areas  the  water  is 
somewhat  alkaline.  In  the  Pumpkinseed  Valley  at  some  localities,  and 
in  the  greater  portion  of  the  White  River  and  Hat  Creek  valleys,  where 
they  traverse  the  Pierre  shales,  these  water  supplies  are  often  unsatis- 
factory both  in  quantity  and  in  quality. 

The  next  horizon  is  at  the  base  of  the  Ogallala  formation,  which  sup- 
plies water  for  many  wells  on  the  table-lands  on  both  sides  of  the  Lodge- 
pole  Valley  at  depths  varying  from  100  to  300  feet.  The  volume  of 
water  appears  to  be  large  at  nearly  all  localities.  At  some  places  the 
waters  are  obtained  high  up  in  the  formation,  but  the  principal  supj)lies 
are  in  the  basal  beds.  At  many  points  along  the  northern  margin  of 
the  table  these  waters  flow  out  into  the  canyons  as  springs  of  greater 
or  less  force,  of  which  the  most  noteworthy  are  those  on  Greenwood, 
Middle,  Hacksberry,  and  Bighorn  creeks,  in  Lawrence  Fork  Canyon, 
and  at  Gabe,  Long,  and  Duggers  springs. 

The  Arikaree  formation  is  a  general  reservoir  for  water  which  is 
nearly  everywhere  available  in  the  table  lands  lying  between  the  valley 
of  North  Platte  River  and  the  crest  of  Pine  Ridge.  In  some  areas  it 
is  necessary  to  sink  wells  to  the  base  of  the  formation  where  the  mate- 
rials are  rather  coarser  than  those  higher  up,  but  ordinarily  the  higher 
beds  yield  satisfactory  supplies.  These  waters  flow  out  at  the  surface 
in  springs  of  greater  or  less  magnitude  in  many  canyons  along  the  front 
of  Pine  Ridge;  at  a  few  widely  scattered  points  in  the  Niobrara  Valley, 
notably  at  Coyote  Spring  and  at  Royville;  in  the  Snake  Creek  Val- 
ley, at  Point  of  Rock  Spring  and  Mud  Spring;  and  along  the  north 
slope  of  the  Platte  Valley,  at  the  spring  near  the  head  of  Sheep  Creek 
and  the  springs  near  the  heads  of  Red  Willow  and  Indian  creeks. 

The  Gering  formation  contains  water  throughout  its  area,  but  it  does 
not  appear  to  be  reached  by  many  wells.  Numerous  springs  on  the 
ridge  south  of  North  Platte  River  flow  from  this  formation  at  the  sur- 
face of  the  Brule  clay.    Along  the  front  of  Pine  Ridge  there  are  a 
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number  of  springs  which  flow  out  of  these  beds,  and  possibly,  some  of 
the  deeper  wells  on  the  summit  of  Pine  Eidge  obtain  their  water  from 
this  horizon,  but  ordinarily  ample  supply  is  reached  at  a  less  depth  in 
the  overlying  Arikaree  formation. 

The  Brule  clay  immediately  underlies  a  wide  area  of  the  high  slopes 
of  the  North  Platte  and  Pumpkinseed  valleys  and  yields  water  sup- 
plies to  many  wells.  It  is  known  as  hardpan  "  to  the  well  drillers.  In 
most  cases,  however,  the  volume  of  the  water  is  small,  and  its  quality 
is  often  unsatisfactory.  Numerous  abandoned  houses  in  these  valleys 
usually  indicate  that  prospective  settlers  have  been  unable  to  obtain 
water  supplies  at  moderate  depths  from  the  Brule  clay.  Where  water 
occurs  it  is  in  crevices  and  fissures,  which  traverse  the  clay  at  moder- 
ately frequent  intervals,  but  the  volume  of  water  depends  on  many 
factors,  and  there  is  seldom  a  good  chance  to  obtain  a  large  supply. 
In  the  area  north  of  Pine  Eidge  the  wells  usually  penetrate  through 
the  Brule  clay  into  the  underlying  Ghadron  sands,  which  almost  inva- 
riably contain  fairly  large  volumes  of  w  ater.  It  is  a  source  of  supply 
to  a  number  of  farmers  and  ranches.  The  water  is  not  always  of  sat- 
isfactory quality,  and  in  the  wells  at  Adelia  and  Crawford  it  has  been 
found  unsuitable  for  locomotives.  This  formation  underlies  the  Brule 
clays  in  the  Platte  and  Pumpkinseed  valleys,  and  probably  woukl 
often  yield  water  there  to  wells  a  few  hundred  feet  in  depth.  Some 
years  ago  a  well  was  sunk  at  Gering  to  a  depth  of  331  feet,  which 
obtained  a  promising  flow  of  water,  possibly  from  Chadron  sands. 
Owing  to  the  small  size  of  the  pipe  and  certain  accidents  in  boring, 
the  well  did  not  continue  to  flow,  and  clogged  up  so  that  it  was  a 
failure.  As  water  supplies  are  particularly  scant  in  the  region  about 
Gering  and  in  the  valleys  to  the  south,  it  is  very  unfortunate  that  this 
boring  was  not  given  a  fair  trial.  At  Harrisburg,  on  the  south  slope 
of  the  Pumpkinseed  Yalley,  a  boring  has  recently  been  made  to  a 
depth  of  790  feet  without  obtaining  a  flow.  Judging  from  the  small 
sami)les  of  the  borings  which  were  seen,  the  well  passed  through  the 
Chadron  sands,  but  it  did  not  obtain  a  sufficient  supply  of  water.  As 
the  altitude  of  the  boring  is  4,500  feet,  or  600  feet  higher  than  Gering, 
it  was  not  to  be  supposed  that  the  sands  would  here  yield  a  surface 
flow.  Below  the  Chadron  sands  there  is  a  great  mass  of  upper  Cretace 
ous  shales.  It  is  not  known  whether  the  edge  of  the  sandstone  of 
the  Laramie  formation  extends  into  southwestern  Nebraska  under  the 
Chadron  sands,  but  if  it  does,  we  should  expect  it  to  yield  a  water  sup- 
ply that  would  rise  to  an  altitude  of  about  4,500  feet.  In  the  Pierre 
shale  there  are  no  chances  for  water.  In  the  area  in  which  this  forma 
tion  is  at  the  surface,  in  northern  Sioux  and  Dawes  counties,  great 
difficulty  has  been  experienced  in  obtaining  water  supplies  for  local 
use,  and  the  water  found  has  generally  proved  to  be  of  unsatisfacitory 
quality. 
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DEEP-SEATED  WATERS. 


In  tlie  older  formations  which  nnderlie  Nebraska  there  are  wide- 
spread sheets  of  permeable  deposits  which  carry  large  volumes  of  water. 
In  the  region  to  the  west  these  deposits  lie  at  a  great  depth,  and  many 
of  the  higher  lands  are  probably  above  the  level  to  which  the  waters 
would  rise  to  afford  surface  flows.  Owing  to  the  failure  of  any  boring 
in  the  central  and  western  portion  of  the  State  to  reach  the  deep-seated 
water  bearing  beds,  there  is  lack  of  definite  knowledge  as  to  their  depth, 
but  there  can  be  no  doubt  of  their  presence.  The  section  constituting 
PL  LXXXIII  illustrates  the  general  relations  of  the  two  principal  deep 
water-bearing  formations — the  Dakota  sandstone  and  the  Carboniferous 
and  underlying  limestones.  In  eastern  South  Dakota  the  Dakota  sand- 
stone yields  to  many  wells  large  volumes  of  excellent  water  under  high 
pressure.  In  eastern  Nebraska,  where  the  formation  approaches  the 
surface,  it  is  also  the  source  of  water  supply,  at  first  to  wells  of  mod- 
erate dei)th  and  then  to  innumerable  si)rings.    The  Carboniferous  and 


underlying  formations  yield  water  to  numerous  wells  between  650  and 
1,500  feet  deep  in  eastern  Nebraska,  Iowa,  etc.  These  waters  pass  into 
the  formations  along  the  foothills  of  the  Black  Hills  and  the  Eocky 
Mountains  at  altitudes  of  from  3,000  to  6,000  feet  in  greater  part,  and 
have  considerable  i^ressure  and  head  far  to  the  east.  This  pressure 
and  head,  however,  gradually  decrease  as  the  formations  reach  or 
approach  the  surface,  the  water  then  being  free  to  escape.  The  waters 
in  the  Dakota  sandstone  lose  their  head  entirely  in  eastern  Nebraska, 
where  the  formation  outcrops.  The  waters  in  the  underlying  Carbon- 
iferous limestones  and  older  formations  retain  a  moderate  amount  of 
head  throughout  Nebraska.  Some  of  the  factors  bearing  on  the  occur- 
rence of  these  deep  underground  waters  are  shown  in  PI.  CXI,  and  in 
PI.  CXII  are  shown  some  of  the  conditions  of  occurrence  of  the  waters 
in  the  Carboniferous  and  underlying  formations  in  the  vicinity  of 
Omaha,  Nebraska.  It  will  be  seen  in  PI.  CXII  that  the  head  is  rela- 
tively constant  near  1,100  feet  above  sea  level  over  a  wide  area  about 


Fig.  228.— Section  from  Black  Hills  to  Pine  Ridge. 
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TYPICAL  FOSSILS  OF  NIOBRARA  AND  BENTON  FORMATIONS. 

n^frpn  rnnaptfn  f 'nnrnrl    i  '^'S-  ^  •  Interior  view  of  the  upper  valve,  slightly  enlarged  (after  Meek). 

usirea  congesia  uonraa.  ^  Three  small  lower  valves  attached  to  the  shell  of  a  large  Inoceramus  (after  Meek). 

Inoceramu^  lahiafu^  Srhloth  ^'  ^'^^^  ^^'^^  °^  ^"  elongated  specinnen  (after  Meek), 

inoceramus  taoiaius  fecniotn.  ^        4   g^^^n  ^ig^t  valve  with  unusually  strong  concentric  iidges 
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Omaha,  bat  tliere  is  a  slight  rise  to  the  west  even  in  a  few  miles.  At 
Lincoln  it  is  1,210  feet  above  sea  level.  The  increase  of  head  and  pres- 
sure to  the  west  and  northwest  is  gradual,  for  the  distance  is  great,  but 
the  amount  becomes  large  as  the  Black  Hills  and  Rocky  Mountain 
zones  of  intake  are  approached.  In  PI.  CXI  figures  are  given  showing 
the  altitudes  along  these  zones  and  along  the  outcrop  areas  east  which 
will  afford  some  idea  of  the  head  to  be  expected  in  the  intermediate 
region.  In  the  diagram,  fig.  229,  there  is  shown  a  piece  of  physical 
apparatus  which  illustrates  the  gradient  of  head  between  a  leak  on 
the  one  hand  and  the  source  of  pressure  on  the  other,  representing 
closely  the  relations  which  have  been  found  to  exist  in  the  South 
Dakota  artesian  basin  and  probably  prevail  in  a  measure  also  in  cen- 
tral and  eastern  Nebraska,  where  the  head  of  the  deeper-seated  waters 
diminishes  eastward. 

Data  are  not  sufficiently  definite  as  yet  for  a  i)recise  determination  of 
this  gradient  of  head  across  western  Nebraska,  but  it  is  apparent  that 
in  some  of  the  valleys  westward  the  head  is  probably  higher  than  the 
altitude  of  the  land,  so  that  there  are  prospects  for  surface  fiows. 


Fig.  229. — Diagram  of  apparatus  illustrating  the  declivity  of  head  of  liquids  flowing  from  a  reservoir. 


In  order  to  reach  the  deep-seated  waters  in  western  Nebraska  it  is 
necessary  to  penetrate  the  Tertiary  formations,  the  Pierre  clay,  the 
Niobrara  limestone,  and  the  Benton  shale,  to  the  Dakota  sandstone, 
which  should  be  expected  to  yield  a  large  supply  of  excellent  water. 
An  attempt  was  made  to  reach  this  horizon  in  a  deep  boring  at  Chadron 
some  years  ago.  A  depth  of  1,100  feet  was  attained,  when  the  boring 
was  abandoned  owing  to  great  difiiculty  in  penetrating  the  Pierre  shale. 
More  recently  an  attempt  has  been  made  at  Ardmore  by  the  Burlington 
and  Missouri  River  Railroad,  which  attained  a  depth  of  1,500  feet  appar- 
ently without  reaching  the  bottom  of  the  uj^i^er  Cretaceous  shales.  These 
shales  can  be  x^enetrated  only  by  skillful  well  drillers,  and  it  is  necessary 
to  begin  with  casing  12  or  14  inches  in  diameter  at  the  top,  as  the  size 
will  have  to  be  reduced  occasionally  as  the  boring  i)rogresses.  The 
depth  to  the  Dakota  sandstone  at  Crawford  will  probably  prove  to  be 
2,000  feet,  and  in  the  valley  of  Nortli  Platte  River  the  amount  may  be 
somewhat  more.  There  is  possibility  of  obtaining  a  fiow  in  these  local- 
ities, although  the  altitude  is  somewhat  greater  than  that  of  the  Dakota 
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sandstone  outcrops  along  the  southern  margin  of  the  Black  HilJs.  It 
is  to  be  expected  that  the  pressure  of  water  in  the  Dakota  sandstone 
would  increase  to  the  southwest  toward  the  Eocky  Mountains. 

Underlying  the  Dakota  sandstone,  with  a  series  of  gray  and  red 
sandstones  intervening,  are  the  limestones  of  the  Carboniferous  age, 
which  contain  water  in  considerable  volume  and  with  somewhat 
greater  head  than  the  waters  in  the  Dakota  sandstone.  These  are 
the  same  beds  as  those  yielding  ilows  in  the  Missouri  Valley  about 
Omaha,  and  there  is  fair  reason  to  believe  that  they  would  prove  a 
satisfactory  source  of  water  supply  in  other  portions  of  ]^ebraska. 

Several  of  the  water-bearing  formations  reach  the  surface  along  the 
valley  slopes,  where  their  outcrop)  is  marked  by  the  presence  of  springs. 
The  location  of  the  greater  number  of  these  si)rings  is  shown  in  PI.  CX. 
The  Arikaree  formation  in  the  high  area  north  of  the  valley  of  Platte 
Eiver  supi)lies  numerous  springs,  notably  along  the  northern  front  of 
Pine  Ridge.  The  basal  beds  of  the  Ogallala  formation  also  yield  springs 
in  the  canyons  south  of  the  valley  of  Pumpkinseed  Creek,  and  along  both 
sides  of  the  valley  of  Lodgepole  Creek.  The  most  extensive  series 
of  springs  is  along  the  north  front  of  Pine  Ridge,  at  the  base  of  the 
Arikaree  formation  and  from  the  underlying  Gering  sands.  All  of  the 
larger  canyons  contain  springs  of  considerable  volume,  often  at  a 
succession  of  levels.  Sowbelly  Canyon  is  particularly  favored  in  this 
respect,  but  the  other  valleys,  from  Jim  Creek  to  Chadron  Creek,  also 
have  good  water  supplies  from  these  sources.  Even  on  Round  Top  there 
is  a  tine  spring  just  above  the  top  of  the  Brule  clay  bad  lands.  In  the 
Brule  clay  area  springs  are  rare  and  the  volume  of  water  is  small.  In 
the  underlying  Chadron  beds  there  is  more  or  less  water  at  all  points, 
which  gives  rise  to  seeps  and  springs  along  the  outcrop  zone  of  these 
beds  north  of  Pine  Ridge.  In  the  Pierre  shale  region,  next  northward, 
springs  are  rare,  superficial  in  origin,  small  in  volume,  and  usually 
highly  mineralized  with  iron,  gypsum,  or  alkalies.  A  characteristic 
spring  in  this  area  is  shown  in  PI.  CXIII.  This  view  shows  the  opening 
from  which  the  water  emerges  and  the  thick  crust  of  alkali  which  has 
been  deposited. 

Along  the  Niobrara  Yalley  there  are  occasional  springs,  mainly  in 
the  immediate  vicinity  of  the  river.  Whistle  Creek  practically  heads 
in  Coyote  springs,  at  an  altitude  of  4,520  feet,  in  the  center  of  T.  27,  R. 
53.  The  more  important  springs  along  the  northern  side  of  the  valley 
of  Platte  River  are  East  spring,  Spottedtail  spring.  Wind  spring.  Win- 
ter spring,  the  springs  near  the  head  of  Sheep  Creek,  and  those  at  the 
head  waters  of  Red  Willow  and  Indian  creeks.  Thev  are  derived  from 
the  lower  portions  of  the  Arikaree  formation,  except  the  Spottedtail 
and  Winter  springs,  which  emerge  from  alluvium  in  valley  bottoms. 

In  the  ridge  between  Platte  River  and  Pumpkinseed  Creek  there  are 
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numerous  small  springs  at  the  heads  of  some  of  the  larger  canyons 
which  yield  excellent  water.  Their  distribution  is  shown  in  PI.  CX. 
The  water  is  derived  mainly  from  the  Geriug  sands  at  their  contact 
with  the  Brule  clay. 

The  Pumpkiuseed  Yalley  is  excavated  entirely  in  the  Brule  clay  and 
its  lower  springs  are  derived  from  the  alluvial  deposits  in  the  valley. 
This  is  also  the  case  with  springs  on  Willow  Creek  and  Middle  Creek. 
In  the  canyons  along  the  north  front  of  the  high  table-laud  south  of 
Pumpkinseed  Creek  there  are  numerous  springs,  which  yield  moderate 
amounts  of  water,  mainly  from  the  base  of  the  Arikaree  formation, 
and  where  this  deposit  is  absent,  from  the  base  of  the  Ogallala  forma- 
tion. These  springs  are  known  as  Gabe  spring  and  Long  spring 
southwest  of  Harrisburg,  and  Duggers  sirring  south  of  Courthouse 
Rock. 

There  are  a  number  of  springs  along  the  valley  of  Lawrence  Fork, 
notably  one  2  miles  south  of  Redington,  which  yields  a  large  flow  of 
excellent  water.  This  flow,  however,  sinks  east  of  Redington  and 
reaches  Pumpkinseed  Creek  under  ground. 


Fig.  230. — Ideal  section  to  illustrate  some  characteristic  features  of  springs  in  western  Nebraska. 


In  Lodgepole  Valley  springs  are  very  rare  except  at  points  where 
the  creek  itself,  having  sunk  into  the  alluvial  materials  in  the  bottom 
of  the  valley,  comes  out  again  to  flow  on  the  surface  for  some  distance. 
The  best-known  spring  of  this  creek  is  at  the  "Spring  farm just  east 
of  Bronson.  Two  small  springs  in  Sidney  Draw  furnish  a  moderate 
amount  of  water. 

The  springs  in  this  region  generally  occur  under  two  conditions, 
which  are  illustrated  in  fig.  230.  On  the  left-hand  side  of  the  section 
there  is  shown  the  typical  spring  flowing  out  of  sands,  A,  at  their 
surface  outcrop  iu  a  canyon  or  at  the  base  of  high  lands.  The  water 
gathers  from  rainfall  at  a  greater  or  less  distance  away  and  sinks  under- 
ground into  permeable  beds,  through  which  it  travels  to  emerge  as  a 
spring  at  lower  levels.  There  are  many  cases,  particularly  in  arid  and 
semiarid  regions,  where  the  volume  of  a  rivulet  or  stream  is  so  small 
that  after  running  over  the  surface  for  some  distance  the  water  will 
sink  into  the  coarse  materials  which  usually  lie  in  the  bottom  of  a  valley, 
as  at  B.  It  may  then  continue  as  an  underflow  and  emerge  in  places 
as  a  spring  of  the  type  shown  at  C  in  the  middle  of  the  section  iu  fig. 
230.  This  occurs  frecjuently  in  tlie  region  and  is  the  nature  of  some  of 
the  low-level  springs  above  described. 
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STREAMS. 


NORTH  PLATTE  RIVER. 

This  stream  traverses  the  central  portiou  of  the  area  and,  although 
it  is  shallow  duriug  the  greater  portion  of  the  year,  carries  a  rela- 
tively large  body  of  water.  Its  flow  is  subject  to  seasonal  variations, 
ranging  from  a  wide,  deep  torrent  in  late  spring  and  the  first  month 
of  summer  to  a  shallow,  irregular  network  of  streams  flowing  among 
sand  bars  in  the  later  summer  and  autumn.  It  has  been  estimated 
that  at  Gering  the  Korth  Platte  drainage  area  is  24,340  square  miles; 
at  Camp  Clarke  about  24,830  square  miles;  and  at  North  Platte  28,517 
square  miles.  The  details  of  river  measurements  at  these  three  points 
are  given  in  Water-Supply  and  Irrigation  Paper  Ko.  15,  on  pages  85, 
85,  and  86,  respectively,  and  the  results  of  computations  of  discharge 
on  pages  308  to  310  of  the  i)resent  volume.  Eeference  should  also  be 
made  to  the  data  given  in  Part  lY  of  the  Eighteenth  Annual  Eeport  of 
this  Survey  on  pages  153  to  158,  inclusive,  and  in  Bulletin  I^o.  140,  on 
pages  99  to  102. 

Estimated  monthly  dischar<je  of  North  Platte  liiver  at  Camp  Clarke,  Xehraska. 


Date. 


1896. 


June  28-30   

July  1-31   

August  1-31  

September  1-30. 
October  1-31  . . . 
November  1-8  . . 


1897. 


January . . . 
February  . 

March  

April   . 

May  

June  

July  

August  

September 
October  . . . 
November 
December 


Maximum,  i  Miiiiniuni. 


Second-feet. 
4, 100 
2,  386 
1,  316 
1, 186 
1,  290 

1,  238 

2,  404 
2,  404 
2,  223 
8,390 

10,  540 

11,  400 
4,  305 
2,  042 

580 
580 


Seco7idfeet. 

3,  102 
977 
628 
738 
875 
706 

2,  042 
1,  567 
450 
1,  567 
6,  885 

4,  520 
930 
580 
400 
350 


Mean. 


Second-feet. 
3,  508 
1,  554 
924 
939 
1,008 

1,  091 

2,  287 
2,253 
1,299 

3,  649 
8,688 
7, 401 
2, 147 
1,  066 

492 
484 
a  500 
«500 


a  Approximate. 


A  large  volume  of  the  water  is  taken  out  of  the  river  at  intervals 
in  Scotts  Bluff'  and  Cheyenne  counties  by  the  various  irrigation  canals, 
so  that  the  reports  at  Gering  and  Camp  Clarke  do  not  indicate  the 


p 


U.S.  GEO  LOG  I  CAL  SURVEY. 


N IN  ETE  ENTH  ANNUA 


CONTOUR  MAP  OF  OMAHA  AND  VICINITT  SHOWING  REI^TIONS  OFARTI 


BY^r.  HDARTON  1898 

S  C  ALE 


4  Miles 

zri 


DAKTON.] 


PUMPKINSEED  CREEK. 


769 


total  volume  of  water  which  enters  the  State  from  the  west.  It  should 
be  borne  in  mind  also  that  under  the  bed  of  the  river  there  is  consider- 
able thickness  of  coarse  sand  containing  an  underflow  of  which  the 
volume  is  far  greater  than  that  flowing  on  the  surface  in  dry  weather. 

North  Platte  Eiver  receives  a  number  of  minor  branches  between  the 
mouth  of  Pumpkinseed  Creek  and  the  Wyoming  line.  They  head  in  the 
high  ridge  to  the  south,  and  in  the  edge  of  the  high  table-land  on  the 
north.  With  the  exception  of  Horse  Creek,  their  surface  waters  do  not 
extend  to  the  river,  and  some  of  them  usually  are  entirely  dry  to  their 
heads.  There  is,  however,  generally  a  small  underflow  through,  the 
coarse  materials  in  their  beds.  The  largest  volumes  of  water  are  from 
the  north,  in  Dugout,  Indian,  Eed  Willow,  Winter,  Spottedtail,  and 
Sheei)  creeks.  These  all  head  in  living  springs  high  np  in  the  canyons, 
but  the  waters  run  only  a  short  distance  and  sink  into  the  coarse  mate- 
rials, where  their  volume  as  underflows  is  probably  not  large.  Very 
little  water  flows  out  of  the  ridge  extending  from  Courthouse  Kock  to 
the  head  waters  of  Kiowa  Creek,  and  except  in  the  heads  of  a  few 
canyons  where  there  are  springs,  the  valleys  are  dry  and  appear  to 
have  but  scant  underflow.  Horse  Creek  carries  a  moderate  volume  of 
water  from  some  high  ridges  in  Wyoming. 


The  wide  valley  of  Pumpkinseed  Creek  is  traversed  by  a  small  stream 
which  heads  in  the  northwest  portion  of  Banner  County,  in  springs  and 
seeps  which  gather  considerable  volume  in  the  vicinity  of  Ash  ford. 
Additional  supplies  are  received  to  the  east,  but  the  stream  increases 
in  size  very  gradually.  It  enters  North  Platte  Eiver  near  Lapeer. 
Some  gagings  made  near  its  mouth  were  as  follows: 


The  stream  has  numerous  branches,  but  these  contribute  only  surface 
water  during  the  more  rainy  portion  of  the  year.  They  nearly  all  have 
underflows  of  small  volume,  for  their  beds  consist  of  gravels  and  sands 
into  which  the  water  sinks  to  the  ^^hardpan"  floor,  and,  moving  slowly 
under  ground,  adds  materially  to  the  volume  of  the  underflow  of  the 
main  creek.  The  principal  affluent  is  Lawrence  Fork,  which  contains 
a  considerable  volume  of  water  in  Ts.  17  and  18,  R.  52,  but  this  water 
finally  sinks  during  the  summer  and  flows  under  ground  for  2  miles  to 
join  the  main  creek  near  Redington.  The  other  branches — Green wood^ 
Hackberry,  and  Bighorn  creeks,  Indian  Springs,  and  Willow  Creek — 
all  contain  some  water  in  the  uj)per  i)ortions  of  their  valleys,  but  this 
water  sinks  into  the  coarse  material  of  the  valleys  before  it  reaches 
Pumpkinseed  Creek.  The  branches  from  the  north  are  dry  coulees  in 
greater  part.  They  contain  water  from  very  small  springs  in  the 
vicinity  of  their  heads. 
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July  26,  1894 
June  28,  1896 


Second-feet. 

  17.1 

 22.2 
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LODGEPOLE  CREEK. 

The  waters  of  Lodgepole  Creek  rise  in  Wyoming  and,  gradually 
gaining  volume,  enter  i^"ebraska  with  a  flow  which,  in  August,  1895, 
was  found  to  be  3.5  cubic  feet  a  second.  At  about  the  same  time  the 
creek  was  found  to  flow  4  cubic  feet  a  second  at  the  north-south  line 
between  sees.  34  and  35,  T.  15,  E.  57.  The  volume  varies  greatly  from 
point  to  point,  but  there  appears  to  be  a  good  underflow.  For  portions 
of  its  course  the  entire  volume  of  the  stream  is  diverted  into  irrigation 
ditches.  In  summer  the  creek  becomes  perfectly  dry  from  the  vicinity 
of  sec.  28,  T.  15,  E.  54,  for  about  12  miles,  to  a  point  near  the  south  line 
of  sec.  4,  T.  14,  E.  52,  where  the  water  again  appears,  running  2J  cubic 
feet  a  second  at  first,  and  then  at  a  dam  one-half  mile  below  4  cubic  feet 
a  second.  There  are  in  this  vicinity  many  short  ditches  which  take  all 
or  the  greater  portion  of  the  water  and  leave  the  creek  dry  below  the 
dam  in  the  SE.  J  sec.  14,  T.  14,  E.  51.  It  continues  dry  through  sec. 
13  and  nearly  through  sec.  19,  but  near  the  east  line  of  sec.  19  the 
water  again  rises  to  the  surface  and  flows  2  cubic  feet  a  second  for  a 
short  distance.  Then  the  creek  is  dry  nearly  to  sec.  36,  T.  14,  E.  50, 
where  there  is  a  flow  of  about  one-half  a  second-foot,  which  is  diverted 
into  irrigation  ditches. 

All  these  measurements  were  made  in  August,  1895,  by  Mr.  Adna 
Dobson,  as  given  in  the  first  report  of  the  State  board  of  irrigation 
for  1895  and  1896.  A  measurement  of  the  Lodgepole  made  at  Kimball 
by  Mr.  Youngfelt  on  June  26,  1896,  indicated  4.5  second-feet. 

Several  tributaries  empty  into  the  valley  of  Lodgepole  Creek,  but 
they  do  not  contain  flowing  waters  except  in  times  of  freshet.  The 
principal  one  is  Sidney  Draw  with  its  two  branches,  heading  in  the 
high  table-land  far  westward  in  Kimball  County,  south  of  Lodgepole 
Yalley.  The  branches  which  empty  into  Lodgepole  Creek  from  the 
north  head  in  high  table-lands  a  short  distance  back  and  descend  to 
the  valley  as  dry  coulees  with  steep  declivities.  Some  contain  under- 
flows from  springs  which  ordinarily  do  not  have  sufficient  volume  to 
reach  the  surface. 

SNAKE  CREEK. 

Snake  Creek  is  a  stream  which  heads  in  the  southeast  corner  of  Sioux 
County,  mainly  among  the  sand  hills,  and  flows  in  a  very  shallow  valley 
over  the  table-land  north  of  the  valley  of  North  Platte  Eiver.  It 
receives  waters  from  various  springs,  but  its  flow  over  the  surface  is 
intermittent  and  the  volume  of  water  relatively  small.  Its  principal 
branch  is  from  the  north,  known  as  Point  of  Eocks  Creek,  which  con- 
tains a  spring  of  fair  size,  but  flows  mainly  under  ground. 

NIOBRARA  RIVER. 

This  stream  flows  in  a  relatively  shallow  depression  in  the  summit  of 
the  high  table-lands  lying  between  North  Platte  and  White  rivers.  It 
enters  Nebraska  from  Wyoming,  and  is  a  fine  running  stream  of  con- 
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siderable  volume  throughout  its  course.  For  this  reason  it  was  called 
by  the  Indians  ^N^iobrara,  meaning  running  water."  This  translation 
is  still  much  in  use,  and  the  French  equivalent,  L'eau  qui  court/'  is 
occasionally  heard. 

We  have  only  two  reports  on  the  volume  of  the  river,  one  of  gaging 
made  by  Mr.  E.  T.  Youngfelt,  June  23, 1896,  at  Marsland,  where  the  flow 
was  found  to  be  4  second-feet,  which  seems  incredibly  small,  and  the 
other,  a  measurement  made  by  Prof.  L.  E.  Hicks  in  range  51,  Dawes 
County,  of  98  second-feet  on  September  4,  1887r 

The  i)rincipal  branch  which  this  stream  receives  in  western  Nebraska 
is  Whistle  Creek,  a  flowing  stream  of  small  volume  which  heads  in 
Coyote  Springs.  The  other  branches  are  very  small  and  do  not  have 
flowing  water  at  the  surface.  • 


WHITE  RIVER. 

The  valley,  heading  in  Pine  Ridge  a  short  distance  east  of  Harrison 
and  opening  diagonally  out  of  the  high  lands  near  Crawford,  contains 
the  head  waters  of  White  River.  From  its  head  springs,  near  Andrews, 
it  is  a  running  stream  which  gradually  increases  in  volume  to  the  north- 
east and  becomes  a  i)rominent  river  before  leaving  Nebraska.  During 
the  greater  part  of  1897  a  gaging  station  was  maintained  at  Crawford, 
Nebraska,  the  results  obtained  being  given  on  page  299  of  this  volume. 
The  following  gagings  by  Mr.  E.  T.  Youngfelt  indicate  the  volume  of 
the  White  River  in  early  summer  and  the  rate  of  flow  of  a  number  of 
its  branches  at  various  points : 

Discharge  measurements  of  White  River  and  some  of  its  hranches.^ 


Stream. 


White  River  

Do  

Do  

Do  

Soldier  Creek  

White  Clay  Creek  ... 

Fort  Robinson  Ditch . 
Squaw  Creek  


West  Ash  Creek. 


East  Ash  Creek  

Little  Cottonwood 

Creek. 
Big  Cottonwood  Creek 
Indian  Creek  


Date. 


June  24, 1896 

 do  

June  25, 1896 
June  1,1891 
June  24, 1896 
 do  


.do 
.do 


Locality. 


June  25, 1896 


do 
.do 

.do 
.do 


Sec.  23,  T.  31 N.,  R.  53  W.. 

Crawford  

Whitney  

Chadron  

Fort  Robinson  

N.  line  sec.  2,  T.  31  N.,  R 
52  W. 

Fort  Robinson  

N.  line  sec.  1,  T.  31  N.,  R 
52  W. 

N.  line  sec.  25,  T.  32  N.,  R 
51  W. 

Half  mile  above  mouth... 
Sec.  7,  T.  32  N.,  R.  51  W.. 

6  miles  west  ol'  Whitney. . 
Near  mouth  


Discharge 
per  second. 


Cubic  feet. 
23.  30 
30.  70 
27.  20 
123.  00 
3.  23 
4.00 

.79 
.66 

1.73 

1.09 
.10 

.20 
.06 


1  Eighteenth  Ann.  Kept.  U.  S.  Geol.  Survey  (for  ]896-97),  Part  IV,  1897,  p 
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White  E-iver  receives  numerous  branclies  from  the  deep  canyons  in 
the  north  face  of  Pine  Eidge  between  Glen  station  and  Chadron,  nota- 
bly from  White  Olay^  Ash,  Indian,  and  Chadron  creeks.  Its  principal 
affluent  on  the  north  side  is  Soldier  Creek,  which  heads  in  T.  32,  R.  54, 
and  furnishes  a  considerable  volume  of  water,  in  part  used  in  irrigation 
at  Fort  Robinson.  Little  Cottonwood,  Big  Cottonwood,  Lone  Tree, 
and  Rush  creeks  are  the  principal  branches  from  the  north  and  west. 
They  furnish  but  small  amounts  of  water  and  are  usually  in  greater 
part  dry  during  midsummer. 

HAT  CREEK  BASIN. 

Hat  Creek  and  its  numerous  branches  head  in  deep  canyons  along 
the  north«face  of  Pine  Ridge  from  Round  Top  to  the  Wyoming  line. 
A  large  amount  of  water  is  sux)plied  by  the  head  streams,  notably  Hat 
Creek  and  Sowbelly,  Prairie  Dog,  Monroe,  Warbonnet,  and  Jim  creeks, 
but  the  amount  diminishes  rapidly  by  evaporation  as  the  edge  of  South 
Dakota  is  reached.  The  branches  which  head  among  the  low  hills 
north  of  Pine  Ridge  contain  water  only  in  the  rainy  portion  of  the  year. 

IRRIGATIO^^. 

There  is  in  this  region  considerable  acreage  under  cultivation  with 
the  assistance  of  irrigation.  There  are  extensive  canals  along  the  val- 
ley of  ISTorth  Platte  River,  several  ditches  along  White  and  Niobrara 
rivers,  and  local  arrangements  for  irrigation  have  been  made  in  some 
of  the  smaller  valleys.  The  results  have  been  so  satisfactory  that 
there  is  prospect  of  some  extension  of  irrigation  operations.  Much 
of  the  country  is  distant  from  good  markets,  and  during  the  last  few 
years  farm  jiroducts  usually  have  not  sold  for  profitable  prices.  The 
local  demands,  however,  have  often  been  sufficient  to  yield  satisfactory 
returns  to  many  of  the  irrigators.  In  Pis.  CXIV  and  CXY  are  shown 
the  canals  and  irrigated  and  irrigable  areas  in  Nebraska  west  of  the 
one  hundred  and  third  meridian  and  north  of  latitude  41°  30^ 

NORTH  PLATTE  VALLEY. 

The  large  volume  of  water  in  North  Platte  River  and  the  wide  bottom 
lands  bordered  by  long  zones  of  gentle  slopes  afford  ideal  conditions 
for  irrigation  in  this  valley.  The  soil  is  usually  thick  and  rich  and, 
although  somewhat  alkaline,  responds  most  satisfactorily. 

The  history  of  irrigation  in  the  valley  dates  back  to  the  latter  part 
of  1887,  with  the  organization  of  the  Farmers'  Canal  Company,  in 
Cheyenne  County.  Soon  thereafter  the  Winter  Creek,  Minatare,  and 
Enterprise  canals  were  built,  in  1888  and  1889,  although  the  Enterprise 
canal  was  not  entirely  comjileted  until  somewhat  later.  The  Minatare 
canal  was  begun  in  February,  1888,  and  opened  August  20,  1888. 
These  canals  are  all  in  Cheyenne  and  Scotts  Bluff  counties.  The 
Mitchell  canal  was  soon  after  constructed  in  Scotts  Bluff*  County  on 
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the  south  side  of  the  river,  west  of  Scotts  Bluff.  It  is  about  25  miles 
in  length,  24  feet  wide  at  the  bottom,  and  conveys  water  to  about 
20,000  acres  of  bottom  land.  Early  in  1888  the  Castle  Eock  canal  was 
constructed.  It  has  a  width  of  18  feet  on  the  bottom  for  the  first  9 
miles  and  then  divides  into  two  branches,  each  about  8  feet  wide  on 
the  bottom  and  carrying  3  feet  of  water.  Another  large  canal  was 
built  at  Bayard.  In  1893  the  Ramshorn  ditch  was  built  in  the  western 
part  of  Scotts  Bluff'  County.  The  Farmers  canal  has  a  head  gate  with 
a  front  opening  156  feet  wide,  with  27  individual  gates.  It  is  capable 
of  taking  an  8-foot  head  of  water.  The  canal  is  60  feet  wide  at  the 
bottom  and  carries  8  feet  of  water.  The  first  mile  is  completed  60  feet 
wide  on  the  bottom,  and  for  the  remainder  of  its  length  its  width  is  30 
feet.  A  gaging  made  at  its  head  gate  by  Mr.  E.  T.  Youngfelt  on  June 
19,  1896,  showed  a  flow  of  2.28  cubic  feet  a  second. 

The  following  list  comjDrises  all  the  main  canals,  but  not  the  many 
miles  of  laterals  into  which  they  empty: 

List  of  irrigation  canals  in  valley  of  North  Platte  River,  in  Nebraska,  west  of  the  one 

hundred  and  third  meridian. 


Name. 


Location  of  intake. 


Scotts  Bluff  County : 
Lawrence  canal  . 


Horse  Creek. 


Mitchell  canal   North  Platte  River 

...  .do  


Farmers  canal  

Ramshorn  canal   do 

Enterprise  canal  \  do 

Winter  canal  do 

Gering  canal  ;  do 

Minatare  canal  '  do 

Castle  Rock  canal  i  do 

Bayard  canal  |  do 


Wyoming  . 


Cheyenne  County : 

Bayard  canal  

Chimuey  Rock  canal 

Alliance  canal  

Belmont  canal  

Browns  Creek  canal  . 


Total 


do 
do 
.do 
do 
.do 


d 

o  . . 

25 

Sec. 
19 

T. 
23 

i?. 

58 

15 

34 

23 

58 

6 

12 

23 

57 

22 

35 

22 

56 

11 

7 

21 

55 

5 

14 

21 

55 

10 

19 

21 

54 

15 

35 

21 

54 

8 

122 

35 

21 

54 

7 

22 

20 

53 

11 

23 

20 

53 

10 

34 

20 

52 

15 

11 

19 

51 

6 

49 

171 

Length. 


Miles. 
5 
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The  Lawrence  canal  derives  its  water  from  Horse  Creek  in  Wyom- 
ing, and  it  is  supplemented  by  one  400-acre  storage  reservoir  10  feet 
deei)  and  another  covering  180  acres  11  feet  deep. 

The  following  estimates  of  crops  raised  in  the  Platte  Yalley  are  leased 
on  data  obtained  by  Messrs.  C.  A.  Fisher  and  F.  H.  Ainsworth  during 
the  autumn  of  1897.  In  Scotts  Bluff  County  the  area  irrigated  from 
i^orth  Platte  Eiver  in  1897  was  16,080  acres,  in  which  wild  hay,  alfalfa, 
corn,  and  wheat  were  the  principal  crops.  Oats  and  garden  vegetables 
were  also  irrigated  extensively.  In  Cheyenne  County  the  area  irrigated 
from  jS^orth  Platte  Eiver  in  1897  was  4,150  acres,  of  which  hay  and 
alfalfa  were  the  j^rincipal  products,  together  with  smaller  amounts  of 
various  cereals  and  vegetables.  The  yield  per  acre  of  crops  under  irri- 
gation is  somewhat  variable.  Wheat  usually  harvests  from  30  to  40 
bushels  an  acre;  potatoes  150  to  200  bushels,  and  wild  hay  IJ  tons. 
Alfalfa  yields  2  tons  to  the  cutting,  and  is  cut  three  times  a  season. 
Near  Sunflower  post-offtce  there  is  an  extensive  orchard  under  irriga- 
tion, which  promises  to  be  very  successful.  It  contains  about  3,200 
trees,  many  berry  bushes,  and  5,000  strawberry  jilants. 

The  cost  of  irrigation  was  found  to  vary  greatly.  Figures  were 
obtained  for  7,500  acres  in  the  Platte  Valley,  which  indicate  an  aver- 
age cost  of  41  cents  an  acre.  The  farms  are  mostly  from  80  to  160 
acres.  The  individual  cost  an  acre  varied  in  greater  part  from  30  to  75 
cents.  In  many  cases  the  water  was  paid  for  partly  in  cash  and  partly 
in  labor. 

PUMPKINSEED  VALLEY. 

Pumpkinseed  Creek  is  available  for  irrigation  of  a  small  marginal 
acreage  along  the  greater  part  of  its  course,  but  the  waters  are  used 
only  to  a  small  extent.  There  is  a  ditch,  known  as  the  Courthouse 
Eock  canal,  extending  from  the  west  line  of  range  50  to  Greenwood 
Creek,  a  distance  of  5  miles,  and  there  are  several  small  local  ditches 
and  reservoirs  at  various  points,  shown  in  PI.  CXIV.  The  area  of  crops 
is  about  90  acres,  embracing  several  hay  meadows.  Lawrence  Fork  is 
used  locally  for  irrigation  2  miles  south  of  Eedington,  and  its  excellent 
water  supply  would  admit  of  much  more  extensive  use. 

NIOBRARA  VALLEY. 

The  waters  of  Niobrara  Eiver  are  utilized  extensively  for  the  irriga- 
tion of  narrow  strips  of  the  bottom  lands.  There  are  canals  at  frequent 
intervals  along  its  course,  which  furnish  water  mainly  for  hay  meadows. 
Some  grain  crops  are  raised,  but  their  acreage  is  small.  The  total  area 
under  irrigation  in  1897  was  about  7,015  acres. 
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The  following  is  a  list  of  the  canals,  compiled  from  data  recently 
obtained  by  the  State  engineer: 

List  of  h'rigation  ditches  along  Niohrara  River,  in  Nebraska,  tvest  of  the  one  hundred  and 

third  meridian. 


IName. 

Loc 
ir 

Sec. 

ation 
itake. 

T. 

of 
R. 

Approxi- 
mate 
length. 

Sioux  CouDty : 

Miles. 

Bigelow  &  Seymour  ditch  

19 

31 

57 

1.  75 

Warneke's  ditch  

27 

31 

57 

2.  00 

36 

31 

57 

.75 

Lacota  ditch  

1 

30 

57 

3.00 

Peter  Bourett's  ditch  

29 

30 

56 

2.  00 

Earnest  ditch  

9 

29 

56 

4.00 

McGiuley  &  Stover  upper  ditch  

23 

29 

56 

3.  50 

McGinley  &  Stover  lower  ditch  

25 

29 

56 

3.00 

Harris  &  Neece  ditch   

3 

28 

55 

10.  00 

La  Belle  ditch  

6 

28 

54 

2.00 

 ditch  

4 

28 

54 

4.00 

Irion  Bros.'  ditch  

1 

28 

54 

2.  00 

Moore's  ditch  

9 

28 

53 

3.  50 

Boxbutte  County : 

McLaughlin  ditch  

9 

28 

52 

3.00 

Vincent  ditch  

10 

28 

52 

1.00 

Hughes  ditch  

1 

28 

52 

2.00 

Dawes  County : 

35 

29 

51 

1.00 

36 

29 

51 

5.00 

Furman  ditch  

29 

29 

50 

3.00 

Enterprise  ditch  

28 

29 

50 

3.  50 

Hatch  &  Cross  ditch  

25 

29 

50 

3.  00 

McMannis  &  Neeland  ditch  

29 

29 

49 

2.  00 

Total  

65.  00 

WHITE  RIVER  BASIN. 

V 

The  relatively  large  volumes  of  running  water  in  White  River  and 
those  of  its  branches  which  head  in  the  canyons  on  the  north  front  of 
Pine  Ridge  have  been  utilized  at  various  points  for  irrigation.  Many 
ditches  have  been  constructed,  and  there  are  plans  for  a  more  extensive 
use  of  the  waters.  At  present  about  3,655  acres  are  under  irrigation, 
in  greater  part  along  the  main  valley. 
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The  following  list  of  ditches  is  compiled  from  data  obtained  by  the 
State  engineer  during  1897 : 

List  of  irrigation  ditches  in  White  Elver  Basin,  in  Nebraska,  west  of  the  one  hundred  and 

third  meridian. 


I^^ame. 


Sioux  County : 

Lewis  ditcli  

Schwartz-Hughsou  ditcli 

Tucker's  ditch  

Colville  ditch  

Diedrichson  ditch  

Johusou  ditch  

Jacohson  ditch  

Mason  ditch  

Crawford  Citizens'  ditch 

Dawes  County : 

Crawford  Citizens'  ditch 
Hazleton  ditch  


Cooper  ditch  

Butterworth  ditch   

Hall's  ditch  

White  River  Irrigation  Com- 
pany's ditch. 
McFarland's  ditch  


Harris  &  Cooper  ditch  . 

Rasher  ditch  

Welling  ditch   

Harris  ditch  

McManus  ditch  

Stewart  Brothers'  ditch 


Thomas  Stewart  ditch . . . 

Spring  Creek  ditch  

Spring  Creek  ditch  No.  1 
Kusil  ditch   


Mace  ditch. 


West  Ash  Creek  Irrigation 

Company's  ditch. 
Baron  ditch  


Location  of  intake. 


White  River. 

 do  

 do  

Kyle  Creek-. 
White  River. 

 do  

 do  

 do  

 do  


 do  

White  Clay 
Creek. 

 do  

White  River. .. 

 do  

 do  


White  Clay 
Creek. 

White  River. .. 

 do  

 do  

 do  

Hooker  Creek  . 

Little  Cotton- 
wood Creek. 

 do  

Spring  Creek.. 

 do  

Little  Cotton- 
wood Creek. 

West  Ash 
Creek. 

 do  


East  Ash  Creek 


Length. 


Sec. 

T. 

R. 

Miles. 

27 

31 

55 

.50 

26 

31 

55 

.25 

34 

31 

54 

.75 

3 

30 

54 

1.00 

1 

30 

54 

.50 

7 

30 

53 

.50 

32 

31 

53. 

.50 

32 

31 

53 

.25 

23 

31 

53 

1.50 

0.  /D 

23 

31 

53 

18. 50 

13 

31 

52 

LOO 

2 

31 

52 

1.75 

3 

31 

52 

.50 

34 

32 

51 

13.  00 

34 

32 

52 

2.  00 

35 

32 

52 

.75 

25 

32 

52 

10.00 

19 

32 

51 

1.00 

17 

32 

51 

.50 

17 

32 

51 

2.00 

7 

31 

51 

1.00 

Q 

O 

oJ 

1.  oO 

8 

32 

52 

.75 

13 

32 

52 

.75 

18 

32 

51 

1.00 

9 

32 

51 

1.00 

2 

31 

51 

1.00 

36 

32 

51 

2.  00 

32 

32 

50 

.50 
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List  of  irrigation  ditches  in  White  River  Basin,  in  Nebraska,  west  of  the  one  hundred  and 

third  meridian — Continued. 


Name. 


Dawes  County — Continued. 

Ox  Yoke  ditch  

James  Wilson  ditch  . . . 

Seegrist  ditch  

Flood  ditch  


Smock's  ditch 


Goff  ditch 


Norton  ditch  

Woodruff  ditch  

Kemery  Ram  

W.  Wilson's  ditch... 
H.  M.  Wilson's  ditch 
Half  Diamond  


Total 


Location  of  intake. 


East  Ash  Creek 
Indian  Creek. . 

 do  

East  Fork  of 

Indian  Creek. 
Trunk  Butte 

Creek. 
Dead  Horse 

Creek. 

 .do  

 do  

 do  

Chadron  Creek 

.....do  

 do  


Sec. 

T. 

R. 

Miles. 

31 

32 

50 

1.50 

10 

31 

50 

.125 

3 

31 

50 

.50 

33 

32 

50 

.75 

26  32  50 

9  31  49 

9  31  49 

32  32  49 

32  32  49 

12  32  49 

12  32  49 

1  32  49 


Length. 


.50 

1.00 

.75 
.75 
.50 
.50 
.75 
LOO 


69. 125 


74. 875 


LODGEPOLE  VALLEY. 

The  water  of  Loclgepole  Greek  has  been  utilized  for  irrigation  for 
several  years,  and  at  times  practically  all  the  stream  has  been  diverted 
into  the  fields.  Hay  has  been  the  principal  crop,  but  grains  and  vege- 
tables have  also  been  irrigated  to  some  extent.  The  average  volume 
of  the  creek  is  about  4  cubic  feet  per  second,  but  along  some  portion 
of  the  valley  the  waters  sink  beneath  the  surface  and,  traveling  under 
ground  for  some  distance,  emerge  again  in  springs.  The  following 
facts  relating  to  this  valley  are  taken  from  notes  by  Mr.  Adna  Dobson, 
made  in  the  summer  of  1895.^ 

Commencing  from  the  west,  the  first  ditch  is  the  Hoover,  which  sup- 
plies water  for  about  50  acres;  then  come  the  ditches  of  S.  A.  Pierce 
and  L.  O.  Kinney,  which  supply  water  for  about  575  acres,  mainly  of 
hay  lands.  In  the  next  4  miles  no  more  water  is  taken  out,  and  then 
comes  the  head  of  the  Young  ditch,  which  supplies  water  for  about  30 
acres,  extending  to  sec.  34,  T.  15,  E.  57.  Five  miles  lower  down  is  the 
ditch  of  Carl  Knttner,  which  takes  water  on  each  side  of  the  creek, 
the  total  amount  being  4.9  cubic  feet  a  second,  which  is  used  for 
covering  about  40  acres.    One  mile  lower  down  is  the  beginning  of 


1  First  Biennial  Report  of  the  State  Board  of  Irrigation  of  the  State  of  Nebraska  for  1895  and  1896, 
prepared  by  W.  R.  Akers,  Lincoln,  1897,  pp.  151-157. 
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J.  J.  Kinney's  sontli  ditch,  which  takes  all  the  water  in  the  creek,  3.6 
cubic  feet  a  second,  for  the  cultivation  of  about  140  acres.  One-half 
mile  below  this  is  the  head  of  J.  J.  Kinney's  north  ditch,  into  which 
the  entire  creek  is  diverted.  The  amount  of  water  is  2.1  cubic  feet  a 
second  for  the  watering  of  190  acres.  These  ditches  are  used  alter- 
nately in  order  to  obtain  greater  volume.  The  amount  of  water  in  the 
creek  increases  rapidly  below  the  head  of  Mr.  Kinney's  ditch,  and  at 
the  east  line  of  sec.  34,  one-half  mile  below,  the  creek  is  running  about 
6  cubic  feet  a  second.  Within  the  next  3  miles  is  the  Hurley,  Liley 
&  Polly  ditch,  which  takes  4.5  cubic  feet  of  water  a  second  for  the 
irrigation  of  IGO  acres.  Two  miles  below  this  is  the  head  of  the  Hur- 
ley &  Polly  ditch  for  the  irrigation  of  about  125  acres.  One-half  mile 
lower  down  the  valley  is  the  head  of  the  Bay  State  ditch,  which  takes 
2.5  cubic  feet  of  water  a  second  for  100  acres.  In  the  next  7  miles  are 
the  Mcintosh,  Circle  Arrow,  and  Brady  ditches,  with  only  limited  sup- 
plies of  water,  the  creek  becoming  practically  dry  above  Mr.  Brady's 
head  gate  in  sec.  28,  T.  15,  R.  54,  and  continuing  so  to  a  point  on 
sec.  4,  T.  14,  R.  52,  where  it  again  appears.  A  measurement  at  the  head 
of  Adams  ditch,  in  sec.  31,  T.  14,  R.  52,  showed  2^  cubic  feet  a  second, 
which  is  taken  by  the  Adams  ditch  for  the  cultivation  of  245  acres, 
mainly  of  hay.  Next  below  is  Thomas  Gunderson's  ditch,  which 
has  5  cubic  feet  of  water  a  second  for  100  acres.  In  sec.  7,  T.  14,  R.  51, 
is  the  ditch  of  Mr.  Hans  Christianson,  which  takes  about  1  cubic  foot 
of  water  a  second  for  70  acres.  One  and  one-half  miles  below  this  is 
the  ditch  of  Mr.  James  Mitchell,  which  takes  3.5  cubic  feet  a  second  for 
60  acres  j  and  next  below  is  the  head  of  Mr.  John  Anderson's  ditch,  for 
200  acres.  This  ditch  is  used  alternately  with  the  Mitchell  ditch  in 
order  to  have  a  sufficient  volume  of  water.  Then  comes  the  very  small 
ditch  of  Mr.  J.  A.  Shanahan  for  the  irrigation  of  2  or  3  acres.  The  next 
dam  below  is  for  Mr.  M.  Urback's  ditch.  Then  there  is  the  ditch  of  N. 
P.  Lingholm,  which  heads  in  the  SE.J  sec.  14,  T.  14,  R.  51,  and  provides 
water  for  30  acres.  It  was  taking  1.5  cubic  feet  of  water  a  second  at 
the  time  of  observation.  The  creek  is  dry  below  this  through  sec.  13 
and  nearly  through  sec.  19.  Near  the  east  line  of  sec.  19  the  water  rises 
again,  and  at  the  head  of  the  Couch  ditches,  in  the  SW.J  sec.  20,  T.  14, 
R.  50,  2  cubic  feet  a  second  is  available  for  the  irrigation  of  about  40 
acres.  Runge's  ditches,  Nos.  1  and  2,  are  in  sees.  28  and  29,  T.  14,  R. 
50,  and  provide  for  about  105  acres.  The  Ickes  ditch  comes  next,  but 
the  amount  of  water  is  hardly  sufficient  to  cover  more  than  100  acres. 
About  one-half  cubic  foot  of  water  a  second  passes  the  Ickes  dam,  and 
fills  a  small  pond  at  the  head  of  the  Adams  &  Tobin  ditch,  but  the 
supply  was  inadequate  to  cover  the  180  acres  to  be  irrigated.  Below 
this  dam  the  creek  is  entirely  dry  for  the  next  mile,  where  the  water 
rises  again  in  springs  j  and  at  the  head  of  the  Trognitz  ditch,  in  sec.  36, 
T.  14,  R.  50,  one-half  a  cubic  foot  of  water  a  second  flows  into  the  ditch 
and  is  used  for  the  irrigation  of  about  34  acres.  It  is  the  same  ditch 
that  was  built  by  the  United  States  to  supply  water  for  Fort  Sidney. 


DARTON.] 


IRRIGATION  IN  WHITE  CREEK  BASIN. 


779 


The  following  table  gives  the  acreage  of  crops  irrigated  in  the  Lodge- 
pole  Valley  west  of  the  one  hundred  and  third  meridian  in  1896,  accord- 
ing to  the  first  report  of  the  State  board  of  irrigation,  p.  158 : 

Acreage  of  crops  irrigated  in  the  Lodgepole  Valley  west  of  the  one  hundred  and  third 

meridian  in  1896. 


Acres. 

Alfalfa   317 

Native  hay   2, 160 

Corn   80 

Oats   66 

Wheat   63 

Millet   57 


Barley  

Rye   

Potatoes   

Garden  trees,  etc 


Acres. 
20 
2 
42 
25 


Total   2,832 


HAT  CREEK  BASIN. 

The  upper  portions  of  Hat  Creek  and  its  numerous  branches  rising 
in  canyons  in  the  northern  slopes  of  Pine  Ridge  contain  water  in  suf- 
ficient supply  for  the  irrigation  of  many  local  areas.  These  are  mainly 
in  the  relatively  narrow  canyons,  where  only  small  strips  of  land  are 
so  situated  as  to  be  easily  watered.  The  volume  of  water  in  most  cases 
is  ample  and  is  derived  from  ever-flowing  springs.  J^early  all  the 
canyons  contain  small  short  canals,  which  serve  for  the  irrigation  of 
numerous  small  farms.  The  total  area  under  irrigation  in  1897  was 
estimated  to  be  1,860  acres. 

The  following  is  a  list  of  the  canals  according  to  the  plots  of  the  State 
engineer  : 

List  of  irrigation  ditches  in  Hat  Creek  Basin,  Sioux  County,  Nebraska. 


Name. 


Steel  ditch  ,  

CoiFee's  ditch  

Miller  ditch  

Holly's  ditch  

Old  Sowbelly  ditch  

Hall's  ditch  

M.  D.  Jordan's  ditch  

Schlitz  ditch  

Valdeg  ditch  

Zerbst  ditch  

Big  Monroe  Creek  ditch  

Biehle  ditch  

Nolan's  ditches  No.  1  and  No,  2. 

Kay's  ditch  

Daut  ditch  

 ditch  


Location  of  intake. 


Hat  Creek  

 do  

 do  

Boggy  Creek  

Sowbelly  Creek  . . . 

 do  

 do  

Cedar  Creek  

Prairie  Dog  Creek. 

 do  

Big  Monroe  Creek . 


Warbonnet  Creek 

 do  

 do  

 do  


Sec. 
16 

T. 
32 

R. 

55 

Miles. 
1.50 

26 

33 

55 

5.  00 

23 

33 

55 

.75 

31 

33 

54 

1.00 

7 

32 

55 

2.  00 

6 

32 

55 

.50 

21 

33 

55 

1.50 

35 

33 

56 

2. 00 

3 

32 

56 

.50 

25 

33 

56 

1.00 

33 

33 

56 

2.00 

32 

33 

56 

.75 

23 

33 

57 

1.25 

26 

33 

57 

.75 

30 

33 

56 

1.00 

31 

33 

56 

1.00 

Length. 
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List  of  irrigation  ditches  in  Hat  Creek  Basin,  Sioux  County,  JSfehrasJca— Continued. 


Name. 


Warhonnet  ditch  . . . 
^\"oodrulf's  ditch  ... 

Slattery's  ditch  

Jim  Creek  ditch  . . . 

Hamlin  ditch  

Dunn's  ditch  

P.  D.  Dunn's  ditch  . . 

Turner's  ditch  

Story's  ditch  

Cherry  Creek  ditch. 

I'otal  


Location  of  intake. 


Warbonuet  Creek 

Jim  Creek  

 do  

 do  

Squaw  Creek  

 do  

 do  

Antelope  Creek . . . 

 do  

Cherry  Creek  


Sec.  T.  R. 

21  33  56 

14  33  57 

13  33  57 

8  33  56 

10  33  57 

11  33  57 
3  33  57 

26  34  57 

8  34  56 

29  33  54 


Length. 


Miles. 
1. 50 
1.00 
1.00 
.50 
.50 
2. 00 
1.00 
1.50 
1.00 
.25 


32. 75 


WINDMILL  IRRIGATION. 

* 

Several  farmers  in  western  I^ebraska  have  experimented  with  wind- 
mill irrigation  with  encouraging  results.  There  are  large  supplies  of 
underground  waters  under  the  high  table-lands,  beginning  with  Pine 
Eidge  and  lying  in  broad  expanse  between  the  larger  valleys.  This 
is  notably  the  case  on  the  fine  table  lying  between  the  valleys  of  Lodge- 
pole  Creek  and  Pumpkinseed  Creek.  These  waters  are  usually  at  a 
depth  of  over  175  feet,  but  a  large  windmill  soon  raises  sufficient  water 
to  fill  a  fair-sized  reservoir.  About  10  acres  seems  to  be  the  limit  for 
irrigation  from  one  windmill,  but  this  area  will  afford  sufficient  crops 
for  local  use.  A  reservoir  is  essential  for  satisfactory  irrigation  from 
a  pump,  but  there  usually  is  no  difficulty  in  constructing  one  in  the 
table-land  areas. 

CLIMATE. 

Western  Nebraska  has  a  climate  of  typical  plains  character.  It  is 
dry  and  hot  in  summer,  moderately  moist*  in  late  spring,  and  cold, 
but  with  little  snow,  in  winter.  There  is  considerable  variability  in 
the  climatic  features  from  year  to  year,  rather  more  than  is  found 
farther  south  or  north,  and  some  local  variations  from  point  to  point, 
particularly  in  rainfall.  Eecords  of  weather  were  kept  for  many  years 
at  Sidney  in  the  Lodgepole  Valley,  and  at  Fort  Robinson  on  White 
River,  while  for  shorter  periods  observations  have  been  made  at 
AlUance,  Gering,  Hay  Springs,  Kimball,  and  Camp  Sheridan.  In  PI. 
CXYI  there  is  given  a  graphic  reproduction  of  precipitation  records 
covering  a  period  of  several  years  at  some  of  the  stations  above  men- 
tioned, compiled  from  an  article  on  the  Rainfall  of  Nebraska,^  by  C.  D. 
Swezey  and  G.  A.  Loveland,  together  with  data  for  1896  and  1897, 
kindly  supplied  by  Mr.  Loveland. 


1  University  of  Nebraska,  Bull.  Agric.  Exper.  Stat.,  Vol.  VIII,  Article  IV,  1896. 
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TIMBER. 

The  occurrence  of  timber  in  this  region  is  restricted  to  certain 
localities  of  relatively  limited  extent.  In  the  greater  part  of  the  plains 
area  there  is  no  timber  at  all,  and  the  valleys  of  the  Platte  and 
upper  Mobrara  rivers  and  Lodgepole  Creek  do  not  contain  trees. 
Along  the  northern  escarpment  of  Pine  Ridge,  on  the  slopes  of  the 
White  River  and  Hat  Creek  basins,  there  is  a  moderately  wide  zone  of 
scattered  pine  forest.  It  extends  from  the  crest  of  the  ridge  down 
nearly  to  the  foot  of  the  steeper  slopes,  and  the  aggregate  amount  of 
timber  is  fairly  large.  Along  the  ridge  south  of  North  Platte  River 
there  was  formerly  considerable  pine,  and  many  of  the  slopes  north  of 
Platte  River  and  sbuth  of  Pumpkinseed  Valley  maintained  a  scattered 
growth  of  pine.  Some  of  the  canyons  in  this  region  contain  deciduous 
trees  in  small  groves,  and  this  is  also  the  case-  in  the  many  canyons  in 
the  northern  slopes  of  Pine  Ridge,  and  at  intervals  along  the  banks  of 
White  River.  The  extent  of  the  timber  in  this  region  is  shown  in 
PI.  CXVII.  The  principal  tree  is  the  Rocky  Mountain  pine  {Pinus  pon- 
derosa).  It  attains  a  diameter  of  from  1  to  2  feet  where  the  conditions 
are  most  favorable,  but  its  growth  is  somewhat  scattering,  and  deep 
inroads  have  been  made  on  the  supply  by  woodcutters.  The  young 
pines  appear  to  be  thrifty,  as  they  spring  up  abundantly  on  most  of  the 
slopes,  and  are  growing  vigorously.  A  typical  view  of  the  pine  and 
other  woods  on  Pine  Ridge  is  given  in  PI.  CXYIII,  and  some  further 
features  of  the  pine  growth  are  shown  in  Pis.  LXXXI  and  XCIY. 

In  the  region  adjoining  Xorth  Platte  River  the  growth  of  pines  is 
rather  scanty,  and  nearly  all  of  the  larger  trees  have  been  or  are  being 
cut.  This  is  also  the  case  along  the  edge  of  the  table-land  south  of 
Pumpkinseed  Creek. 

The  deciduous  trees  of  the  region  comprise  mainly  cotton  wood 
{Populus  monilifera)^  with  a  moderate  proportion  of  box  elder  [Negundium 
americcmum),  and  a  small  variety  of  other  similar  trees. 


t 
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EOLETATIOIS'S. 


List  of  elevations  in  Nebraska  west  of  the  one  hundred  and  third  meridian. 

WESTERN  CHEYENNE  COUNTY. 


Altitude. 

Authority. 

Feet. 

• 

3,  638 

U.  S.  G.  S.  bench  mark. 

4, 100 

Do. 

4,  002 

Do. 

Roundhouse  Rock  

4,  255 

Do. 

Twin  Mounds  

4,  309 

Do. 

3,  870 

Do. 

Camp  Clarke  J  

3,  705 

Do. 

Springs  on  Middle  Creek  

3,  830 

Do. 

Chimney  Rock  

4,  242 

Do. 

Bird  Cage  Gap  

4, 028 

Do. 

Bayard  

3, 780 

Do. 

Redinerton  Gap  

4, 126 

Do. 

V 

4,  320 

Do. 

Snrinar  Lakes  

4,  260 

Do. 

Duggers  Springs  

4,  030 

Do. 

Ridge  at  head  oi  McManigle  Canyon. 

4,  520 

Do. 

Table-land  T.  22,  R.  50  W  

4,200-4,300 

Do. 

4,415 

Barometer. 

Table  at  head  of  Wild  Horse  Canyon . 

4, 450 

U.  S.  G.  S. 

4,  090 

Gannett,  a 

4, 138 

Union  Pacific  Railroad. 

Bronson  

4,  203 

Do. 

Herdon  siding  

4,  301 

Do. 

Potter  

4,  377 

Gannett,  a 

Jacinto  siding  

4,  486 

Union  Pacific  Railroad. 

a  Dictionary  of  altitudes  in  the  United  States :  Bull.  U.  S.  Gaol.  Survey  No.  76, 1891. 

KIMBALL  COUNTY. 

Dix  

4,  542 

Union  Pacific  Railroad. 

4,  616 

Do. 

Kimball  

4,  697 

Do. 

Adams  

4, 781 

Do. 

Bushnell  siding  

4,  859 

Do. 

Smeed  siding  

4,  925 

Do. 
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List  of  elevations  in  Nebraska  west  of  the  one  hundred  and  third  meridian — Continued 

BANNER  COUNTY. 


liOcalitv. 

Altitude. 

Authority. 

Feet. 

Oj  uoo 

U  .  )0.  VT.  k5« 

1-1  r\  m*  r"k  o     It"  IVT/^n  n  t  o  i  yi 

^  089 

Of  KfOiii 

A    A  70 

4,  4: 

JJO. 

A   71  ft 

J-/0. 

AAT't*!  nc ri "J"Q  i-w-iiir\ 

A  19Pi 

i"        l"v  ^     T-^       /~i  IT* 

o,  yjvo 

Tin 

A  r»i  A 
'I,  UiU 

uo. 

1  T        "Y^Y*  ^  £^  rfTI* 

Tir* 
JJO. 

A  OQn 

i,  640 

Do. 

Willow  Springs  

4,  450 

Do. 

Funnel  Rock  

4,  502 

Do. 

Gabe  Springs  

4,  700 

Do. 

Long  Springs  

4,  700 

Do. 

Summit  of  table  south  of  Harrisburg 

5, 100 

Barometer. 

4,  326 

U.  S.  G.  S. 

Sheep  Mountain  

4,  507 

Do. 

Williams  Gap  

4,  420 

Do. 

4,  494 

Do. 

SCOTTS  BLUFF  COUNTY. 

Scotts  Bluff  

4,  662 

U.  S.  G.  S. 

4,  560 

Do. 

Gering  

3,  902 

Do. 

Sedan   

3,  965 

Do. 

Winter  Springs  

3,  990 

Do. 

Minatare  

3,  825 

Do. 

Sunflower  

3,  940 

Do. 

Collins  

4,018 

Do. 

4,  050 

Do. 

Mitchell  

4,  000 

Do. 

3,  960 

Do. 

Dorrington   ... 

4,  450 

Do. 

Intake  of  Winter  canal  

3,  900 

Do. 

Intake  of  Enterprise  canal  

3,  980 

Do. 

Roubedeau  Pass  

4,  480 

Do. 

4,  583 

Do. 

Summit  of  ridge  at  head  of  Cedar 

4,  860 

Do. 

Canyon. 

Mitchell  Pass  

4, 180 

Do. 

Bald  Peak  

4,  420 

Do. 

North  Platte  River  at  Wyoming  line. 

4,  035 

Do. 

Castle  Rock  

4,  473 

Do. 

4,  319 

Do. 

Roundtop  Rock  

4,  479 

Do. 

Coyote  Hill  

4,  460 

Do. 
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List  of  elevations  in  Xeht'aska  west  of  the  one  hundred  and  third  meridian — Contiuued. 

SIOUX  COUNTY. 


Altitude. 

Authority. 

Feet. 

4,  310 

U.  S.  G.  S. 

4,  375 

Do. 

4,  050 

Do. 

4  125 

4,  849 

F.  E.  and  M.  V.  Rwy. 

4,  422 

Do. 

4,  038 

Do 

3,  725 

B.  and  M.  R.  R.  R. 

3,  628 

Do 

4,  730 

Barometer. 

4:,  200 

Do. 

4,  457 

U.  S,  G.  S. 

4,  280 

Do. 

5, 100 

Do. 

5,020 

Do. 

4, 495 

Do. 

4,  470 

Do. 

4, 520 

Do. 

4, 530 

Do. 

4  525 

Do 

4, 120 

Do. 

4,  460 

Do. 

3,  900 

Barometer. 

3,  750 

Do. 

4,  525 

Do. 

5,  050 

Do. 

5,060 

Do. 

4,  800 

Do. 

4,810 

Do. 

Locality. 


Snyder's  ranch  

Sturdivant's  ranch  

SW.  corner  of  the  connty  

NW.  corner  of  the  county  

Harrison  

Andrews  

Glen  

Adelia  

Mansfield  

Niobrara  River  at  Wyoming  line  

Niobrara  River  at  eastern  margin  of 

the  county. 

Niobrara  River  at  Royville  

Niobrara  River  at  mouth  of  Whistle 

Creek. 

Highest  sand  hill  in  sec.  17,  T.  26, 
R.  55. 

Highest  sand  hill  in  sec. .21,  T.  27, 
R.  56. 

Corbin's  ranch  

Mud  Springs  

Coyote  Springs  

McGinley  Lakes  

East  Spring  

Spottedtail  Springs  , 

Wind  Springs  .„  , 

Gilchrist  , 

Montrose  

Roundtop  

Coliseum  Rock  

Pine  Ridge  at  Wyoming  line,  T.  33, 
R.  57. 

Pine  Ridge,  south  of  Andrews  

Pine  Ridge,  south  of  Glen  
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List  of  elevations  in  XeT)raska  west  of  the  one  hundred  and  third  meridian — Continued. 

DAWES  COUNTY. 


Locality. 

Altitude. 

Authority. 

Feet. 

Fort  Robinson  station   

3,755 

Gannett,  a 

Crawford   

3,  674 

F.  E.  &  M.  V.  Rwy. 

Whitney  

3,  404 

Do. 

Dakota  Junction  >  

3,  256 

Do. 

Remington  

3,  660 

B.  &  M.  R.  R.  R. 

Rutland   

4, 141 

Do. 

Belmont  

4,  493 

Do. 

Marsland  

4, 156 

Do. 

Summit  of  Pine  Ridge,  near  Belmont. 

4,  600 

Barometer 

Niobrara  River  at  103d  meridian  

3,  900 

Do. 

o  Loc.  cit. 
BOXBUTTE  COUNTY. 


Hemingford  

4,  256 

B.  &  M.  R.  R.  R. 

Girard  

4,  365 

Do. 
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Abram  Creek,   West  Virginia,  measure- 
ments of   142 

pollution  of   156 

Adams,  A.  J .,  work  of   32,  504 

Adams,  Nebr.,  elevation  of   782 

Adams  &  Co.,  Penobscot  River,  power  util- 
ized by  mill  of   62 

Adams  &  Tobin  ditch,  Nebraska,  irrigation 

by   778 

Adams  ditch,  Nebraska,  irrigation  by   778 

Adelia,  Nebr.,  columnar  section  at   757 

plate  showing  bad  lands  near   760,  762 

elevation  of   784 

Ainsworth,  F.  H.,  work  of   727,  774 

Aitken,  James,  work  of   443 

Alabama,  stream  measurements  in. . .  241,  246-250 
Alamance  Cotton  Mill,  North  Carolina,  pow- 
er utilized  by   189 

Alamance  Creek,  North  Carolina,  power  of.  189 

Alamo,  Wyo.,  stream  measurements  at   293 

Alderson,  W.  Va.,   stream  measurements 

at  .~   253-254 

Alessandro  and  Perris  canal  system,  Cal- 
ifornia, location  of   590-591 

distribution  of  water  in   591-596 

Alessandro  irrigation  district,  formation 

of   596-598 

Alessandro  pipe  line,  California,  course  of. .  590 
Allaguash  River,  Maine,  diversion  to  Penob- 
scot River  from   58 

Allen  County,  Ohio,  pre-Glacial  channels 

in   711-712,714-716 

Allen  Creek,  Virginia,  measurements  of   170 

Allen  Shoal,  North  Carolina,  water  power  at  19^ 

Allen  Shoal,  Saluda  River,  power  at   222 

Alliance  canal,  Nebraska,  irrigation  by. . .  306,  773 
Alluvial  formations,  Nebraska,  occurrence 

and  character  of   732-733,  740 

water  from   762 

Almon,  Ga.,  stream  measurements  at  .  229-2;J0 

Alpine  Woolen  Mills,  North  Carolina,  power 

utilized  by   199 

Alston,  South  Carolina,  ^ging  station  at . .  204 
Altamaha  Mills,  North  Carolina,  power  util- 
ized by  :   189 

Altamaha  River,  course  of   227 

Amicalola  Creek,  Georgia,  measurements 

of   252 

Amstutz,  J.  S.,  well  drilled  by   688-689 

Anderson,  S.  C,  water  power  at   223 

Anderson  ditch,  Nebraska,  irrigation  by  . . .  778 
Anderson  Water,  Light,  and  Power  Com- 
pany, Seneca  River,  power  trans- 
mitted by   223 


Page. 

Andrews,  C.  W.,  acknowledgments  to   717 

Andrews,  D.  M.,  acknowledgments  to   33 

Andrews,  Nebr.,  elevation  of   784 

Androscoggin  Pulp  Company,  power  util- 
ized by   88 

Androscoggin  River,  lakes  tributary  to   37, 

38,  84-87 

power  utilized  on   43,  87-91 

plate  showing  drainage  basin  of   84 

measurements  of   92-97 

diagrams  showing  discharge  of   94,  95,  96 

Animas   River,    Colorado,  measurements 

of  d 14-415 

rating  table  for   414 

diagram  showing  discharge  of   415 

Anschutz,  F.  H.,  work  of   163, 169 

Antelope  Creek,  Nebraska,  irrigation  from.  780 

Anthony  Shoals,  Georgia,  power  at   225 

Antietam  Creek,  Maryland,  measurements 

of   148-150 

rating  table  for   149 

diagram  showing  discliarge  of   150 

Apalachicola  River,  Florida,  course  of   233 

.  Ararat  River,  North  Carolina,  power  of   199 

Arboles,  Colo.,  stream  measurements  at..  409-413 
Archer  Creek,  Virginia,  measurements  of  . .  170 
Arikaree  formation,  Nebraska,  occurrence 

and  character  of   735,  743-747 

columnar  sections  showing   742-758 

water  from   762 

Arista  Mills,  North  Carolina,  electric  trans- 
mission of  power  to   196 

Arizona,  stream  measurements  in  415-423 

Arkansas  Basin,  stream  measurements  in  351-376 

Arkansas  River,  character  of   351-353 

measurements  of   353-358,  360-361 

rating  tables  for   353,  354,  355,  356,  358,  360 

diagrams  showing  discharge  of  . .  355,  357,  361 
Arkins,  Colo.,  stream  measurements  at. . .  321-322 

Arnold,  Sydney,  work  of   32, 465,  466, 483 

Arnolds  Creek,  Virginia,  measurements  of. .  170 

Arrowhead  Reservoir  Company,  aid  by   538 

area  tributary  to  reservoirs  of   615-616 

rainfall  observations  hy  616-621 

hydrographic  observations  by   621-626 

works  of   626-628 

Artesian  wells,  Ohio,  general  character  of .  697-698 

in  northwestern  Ohio   698-710 

in  Mercer  County,  Ohio  710-711 

of  the  deep  channels   716-717 

Asheville,  N.  C,  stream  measurements  at.  257-258 

Ashford,  Nebr.,  columnar  section  near   755 

elevation  of   783 

Atauum  Creek,  Washington,  measurements 

of  flow  and  seepage  of   469-473 

787 
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Athens,  Ga.,  stream  measurements  at   228 

Atlanta,  Ga.,  stream  measurements  near...  .240 
Auburn  and  Lewiston  Electric  Light  Com- 
pany, Little  Androscoggin  River, 

power  utilized  by   97 

Auglaize  County,  Ohio,  pre-Glacial  channels 

in   712-713,  714-716 

Augusta,  Ga.,  water  power  at   225 

stream  measurements  at     227 

Augusta,  Me.,  water  power  at  ,  70 

Augusta,  Mont.,  stream  measiirements  near  290 
Augusta  Canal,  Georgia,  measurements  of. .  227 

Austell,  Ga.,  stream  measurements  near   240 

Austin,  Tex.,  construction  of  dam  at   376-378 

plate  showing  dam  and  power  house  at.  376 

Ayer,  John,  aid  by   66 

Azusa,  Cal.,  stream  measurements  at  .528-531 

rainfall  near   538,539 

Azusa  canal,  California,  measurements  of.  530, 531 

rating  table  for   530 

B. 

Babb,  C.C.work  of   32, 

230.  396,  445,  469,  473,  483,  495 
Back  Creek,  Virginia,  measurements  of. . .  170, 173 
Back  Creek,  "West  Virginia,  measurements 

of   136 

water  power  and  pollution  of   158 

Back  Run,  Virginia,  measurements  of   176 

Bailey  current  meter,  figure  showing   19 

Bakersfield,  Cal.,  stream  measurements  at  523-524 

irrigation  near   523,  525 

rainfall  near   538,539 

Bald  Eagle  dam,  James  River,  description 

of   166,169 

Bald  Mountain  Shoal,  Yadkin  River,  water 

power  at   196 

Bald  Peak,  Nebraska,  elevation  of   783 

Ball  Ground,  Ga.,  stream  measurements 

near  :   252 

Ballinger  Creek,  Virginia,  measurements  of.  171 

Bangor,  Me.,  power  utilized  at   63 

Banner  County,  Nebr.,  elevations  in   783 

Barbour,  E.  H.,  aid  by    727 

cited  •.   745 

Baring  dam,  St.  Croix  River,  storage  at  47,  50 

Barker,  F.  C,  cited   382 

Baron  ditch,  Nebraska,  location  6f   776 

Barrington,  Mrs.  Caroline,  well  drilled  on 

farm  of   717 

Barton,  Stephen,  work  of   538 

Barton  Land  and  Water  Company,  Califor- 
nia, operations  of   582 

Battery  Creek,  Virginia,  measurements  of. .  170 
Battle  Creek,  Idaho,  stream  measurements 

at   431-433 

Battle  Mountain,  Nev.,  stream  measure- 
ments at  42.5-426 

Bay  State  ditch,  Nebraska,  irrigation  by   778 

Bayard,  Nebr.,  elevation  of   782 

Bayard,  W.  Va.,  stream  measurements  at. . .  142 

stream  pollution  at   142 

Bayard  canal,  Nebraska,  irrigation  by         306,  773 

Bean  Shoal,  Yadkin  River,  water  power 

at    196-197 

Bear  Creek,  Colorado,  measurements  of   317 
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Bear  Creek,  Colorado,  rating  table  for   317 

diagram  showing  discharge  of   317 

Bear  Garden  Creek,  Virginia,  measurements 

of   171 

Bear  River,  Utah,  measurements  of   431-433, 

434-435 

rating  table  for   432,  434 

diagrams  showing  discharge  of   433,  435 

Bear  Valley,  California,  rainfall  in   568,  620 

Bear  Valley  and  Redlands  canal,  California, 

course  of   589 

Bear  Valley  dam,  California,  construction 

of    587-588 

plate  showing   588 

Bear  Valley  Irrigation  Company,  aid  by   569 

agreements  with  other  companies   573-574, 

577-578 

operations  of    583-586 

dam  of   587-588 

systems  tributary  to   588-591 

Bear  Valley  reservoir,  California,  capacity 

of   584-585 

Beards  Falls,  Saluda  River,  power  at   221 

Beatties  Ford  Shoal,  Catawba  River,  power 

at   209 

Beaver  Creek,  Virginia,  measurements  of  . .  170 

Beaver  Head  River,  ]^Iontana,  course  of   281 

Beaverdam  Creek,  Virginia,  measurements 

of   171 

Bedford  shale  and  sandstone,  Ohio,  geologic 

position  of    638 

occurrence  and  character  of   647-648 

Bellaire,  Ohio,  water  supply  of   693 

Belief ontaine,  Ohio,  water  supply  of   674-677 

analysis  of  water  at   676 

Bellemont  Cotton  Mill,  North  Carolina, 

power  utilized  by   189 

Bellevue,  Ohio,  water  supply  of   679-680 

Bells  Creek,  Virginia,  measurements  of   170 

Belmont,  Nebr.,  elevation  of   785 

Belmont  canal,  Nebraska,  irrigation  by . . .  306,  773 
Beloit,  Kans.,  stream  measurements  at . . .  341-342 

Bennett,  H.  B.,  acknowledgments  to   717 

Bent  Creek,  Virginia,  measurements  of   170 

Benton   formation,  Nebraska,  occurrence 

and  character  of   737,  760 

Beresford,  F.  S.,  cited   546,  547 

Berlin  Falls,  N.  H.,  water  power  at   86,  91 

Berlin  Mills  Company,  Androscoggin  River, 

power  utilized  by   91 

Beverly,  Kans.,  stream  measurements  at  .  344-345 

Biddeford,  Me.,  water  power  at   109 

Biehle  ditcli,  Nebraska,  location  of   779 

Big  Cottonwood  Creek,  Nebraska,  measure- 
ments of   771 

Big  Falls,  Deep  River,  North  Carolina, 

water  power  at   190 

Big  Falls,  Yadkin  River,  water  power  at. . .  195 
Big  Goose  Creek,  Wyoming,  measurements 

of   295,297 

diversion  of  water  from   296 

Big  Hole  River,  Montana,  course  of   281 

transmission  of  power  of   281 

Big  Island  dam,  James  River,  description 

of   166,  168 
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Big  Lake,  Maine,  storage  at   46 

power  at    52 

Big  Long  Swamp  Creek,  Georgia,  measure 

ments  of   252 

Big  Monroe  Creek,  Nebraska,  irrigation 

from   779 

Big  Monroe  Creek  ditch,  Nebraska,  location 

of   779 

Big  Red  Island  Creek,  Virginia,  measure- 
ments of   173 

Big  Rock  Creek,  California,  measurements  of  535 
Big  Spring  Run,  Maryland,  measurements  of  148 
Big  Thompson  Creek,  Colorado,  measure- 
ments of    321-322 

rating  table  for   321 

diagram  showing  discharge  of   322 

Big  Tonoloway  Creek,.  Maryland,  measure- 
ments of   148 

Bigelow  &  Seymour  Ditch,  Nebraska,  loca- 
tion of    775 

Bighorn  Mountain,  Nebraska,  elevation  of .  783 
Bighorn  River,  Wyoming,  measurements  of.  293 
Bighorn  Valley,  Wyoming,  stream  measure- 
ments in   290-295 

map  of   291 

Billings,  Mont.,  irrigation  near   288 

Birch  Island  Rips,  Penobscot  River,  i)ower 

at   61 

Bird  Creek,  Indian  Territory,  course  of   363 

Birdcage   Gap,  Nebraska,  plate  showing 

geologic  formations  in   750 

elevation  of  ^   782 

Bitterroot  Forest  Reserve,  stream  measure- 
ments in   460 

Bitterroot  River,  Montana,  measurements  of  460 

Black,  James,  work  of   591 

Black  Creek  township,  Ohio,  water  supply  of  711 

Black  Eork,  measurements  of   391-393 

rating  table  for   392 

diagram  showing  discharge  of   393 

Black  Warrior  River,  measurements  of  . .  250-252 

rating  table  for   251 

diagram  showing  discharge  of   252 

Blacks  Run,  Virginia,  pollution  of   139,  IGO 

water  power  of   160 

Blaine,  W.  Va.,  water  power  at   142 

Blake,  Utah,  stream  measurements  at   396-398 

Bland  Mill,  North  Carolina,  power  utilized 

by  .-.  188 

Blanton  Shoal,  Broad  River,  power  at   217 

Blue  Creek,  Nebraska,  measurements  of   335 

Blue  Ridge  dam,  James  River,  description 

of   166,168 

plate  showing   168 

Blue  River,  Kansas,  measurements  of   347-349 

rating  table  for  -   348 

diagram  showing  discharge  of   349 

Bluetts  Falls,  North  Carolina,  water  ])ower 

at   194 

Bodwell  Water  Power  Company,  Penobscot 

River,  operations  of   61 

Boelus,  Nebr.,  stream  measurement.s  at   335 

Boggy  Creek,  Nebraska,  irrigation  from   779 

Boise,  Idaho,  stream  measurements  at   453-454 

Boise  River,  Idaho,  irrigation  from   451-453 

measurements  of   453-454 
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Boise  River,  Idaho,  rating  table  for   453 

diagram  showing  discharge  of   454 

Bolen  tunnel,  California,  construction  of .  579-581 
Bombazee  Water  Power  Company,  Kenne- 
bec River,  power  utilized  by   69 

Bond,  Fred,  work  of   297 

Botiey  Shoal,  Broad  River,  power  at   216 

Bonny  Eagle  Falls,  Maine,  water  power  at.  110 
Boshers  dam,  James  River,  description  of  166, 169 
Boulder,  Colo.,  stream  measurements  at.  319-320 
Boulder  Creek,  Colorado,  measurements  of  319-320 

rating  table  for   319 

diagram  showing  discharge  of   320 

Boarett's  ditch,  Nebraska,  location  of   775 

Bowdoin  Paper  Manufacturing  Company, 

Androscoggin  River,  powerutilized 

by   88 

Boxbutte  County,  Nebr.,  irrigation  in   775 

elevations  in   785 

Bozeman  Creek,  Montana,  »measurements 

of   271,273,274 

Brady  ditch,  Nebraska,  irrigation  by   778 

Brandon,  Isaac,  acknowledgments  to   717 

Bridger  Creek,  Montana,  measurements 

of   271,273,274 

Bridgewater,  Va.,  stream  pollution  at   139 

Bridgewater  Manufacturing  Company,  Vir- 
ginia, stream  pollution  by  mill  of. .  139 
Broad  River,  Georgia,  measurements  of. .  225-227 

rating  table  for   326 

diagram  showing  discharge  of   226 

Broad  River,  South  Carolina,  power  of  . . .  215-217 

power  on  tributaries  of   217-219 

measurements  of   220-221 

rating  table  for   220 

diagram  showing  discharge  of.   221 

Broad  Run,  Virginia,  measurement  of   140 

Bronson,  Nebr.,  elevation  of   782 

Brown,  F.  E.,  promotion  of  irrigation  enter- 
prises by   573,579,583,587 

Brown,  Mrs.  M.  A.,  irrigation  works  of. . .  562-563 
Browns  Creek  canal,  Nebraska,  irrigation 

by   306,773 

Brown's  mill.  South  Carolina,  power  util- 
ized by   219 

Browntown,  Va.,  water  power  and  stream 

pollution  at     138 

Brule  clay,  Nebraska,   occurrence  and 

character  of   736,  755-759 

columnar  sections  showing   742-758 

water  from   763 

Bruneau  River,  Idaho,  measurements  of. .  450-451 
diagram  showing  discharge  of   451 

Brunswick,  Me.,  water  power  at   88 

Brunswick  ElectricLight Company.  Andros- 
coggin River,  i)ower  utilized  by   88 

Bryan,  Ohio,  elevation  of   699 

water  supply  of   699-702 

Bryson,  N.  C,  gaging  station  at   257 

Buchanan,  Va.,  stream  measurements  at  162-163, 

172-173 

Buck  Shoals,  Nortli  Carolina,  water  power 

at   199 

Buckhorn  Falls,  Cape  Fear  River,  power 

utilized  at   187 
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BuenaYista  Electric  Plant  dam, Nortli  River, 

clescriptiou  of   165 

plate  showing   166 

Buena  Yista  Paper  Mill  dam,  North  River, 

description  of   165 

Buffalo,  Wyo.,  stream  measurements  at. . .  297-  298 

Buffalo  Creek,  South  Carolina,  power  of   219 

Buffalo  Creek,  Virginia,  measurements  6f  171, 173 
Buffalo  Creek,   West  Virginia,  measure- 
ments of  -'   142 

pollution  of   142,156 

Buffalo  Lumber  Company,  "West  Virginia, 

pollution  from  works  of   142 

Buffalo  Manufacturing   Company,  South 

Carolina,  power  utilized  by  mill  of.  219 

Buffalo  Shoal,  Catawba  River,  power  at   210 

Bull  Island  Shoal,  North  Carolina,  water 

power  at   195 

BuUochville,  Ga.,  stream  measurements  at  240 
Bullskin  Run,   "West  Virginia,  measure- 
ments of   137 

water  powers  and  pollution  of   157 

Bumping  Lake,  Washington,  views  of   474 

Bumping  Lake  reservoir  site,  Washington, 

survey  of   473-476 

map  of   475 

Burdens  Run,  Virginia,  measurements  of. .  171 
Burgess  Sulphite  Fiber  Company,  Andros- 
coggin River,  power  utilized  by   91 

Burpee,  Moses,  cited   54 

Burro wes  Company,  the  E.T. ,  power  titil- 

ized  by   110 

Bushnell  siding,  Nebraska,  elevation  of   782 

Butler  township,  Ohio,  water  supply  of   711 

Butterworth  ditch,  Nebraska,  location  of  . .  776 
Buttes,  Ariz.,  stream  measurements  at. . .  415-417 

Bynums,  North  Carolina,  water  power  at..  188 

Byrd  Creek,  Va.,  measurements  of   171 

C. 

Cabell's  dam,  James  River,  description  of  . .  168 
Cabot  Manufacturing  Company,  Andros- 
coggin River,  power  utilized  by   88 

Cacapon  Bridge,  West  Virginia,  tannery, 

stream  pollution  at   135 

Cacapon  River,  West  Virginia,  measure- 
ments of   135 

Cadiz,  Ohio,  water  supply  of   696 

Calais,  Me.,  water  power  at   47,  48, 51 

Caldwell,  Nebr.,  elevation  of   783 

Caledonia,  Ohio,  analysis  of  water  from   652 

Calhoun  Falls,  S.  C,  stream  measurements 

at   223-225 

California,  stream  measiarements  in   508-523, 

527-531,  535-536 

relief  map  of   508 

paper  by  S.  B.  Lippincott  on  water  sup- 
ply of  San  Bernardino  Valley   540-632 

Calowa  River,  Washington,  measurements 

of   504 

Caloway  canal,  California,  measurements 

of   536 

Camp  Clarke,  Nebr.,  stream  measurements 

at   308-309,768-769 

elevation  of   782 

Campbell,  A.  Q.,  work  of   521 
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Campbell's  spring,  Ohio,  character  of  water 

from  084 

Canadian  Cotton  Mills  Company,  Limited, 

St.  Croix  River,  power  iitilized  by . .  51 

Cane  Creek,  Georgia,  measurements  of   240 

Cane  Creek,  North  Carolina,  power  of   189 

Caney  River,  Kansas,  course  of   363 

Canoe  Landing  Shoal,  Catawba  River,  pow- 
er at    210 

Canoose  Rips,  St.  Croix  River,  power  at  48,  49 

Canton,  Ga.,  stream  measurements  at   241-243 

Canton,  Ohio,  water  supply  of   694-695 

section  of  wells  at   695 

Canyon,  Colo.,  stream  measurements  at . .  355-356 
Canyon  Crest  Park,  California,  irrigation  of  561 
Canyon  Ferry,  Mont.,  water  power  near  . . .  283 
Cape  Fear  River,  power  on  tributaries  of  187-192 

measurements  of   192-193 

rating  table  for    192 

diagram  showing  discharge  of   193 

Carboniferous  conglomerate,   Ohio,  char- 
acter of  water  from   690-693 

analysis  of  water  from   691 

Carboniferous  formations,  Nebraska,  occur- 
rence and  character  of   737-739 

Carboniferous  system,  Ohio,  character  of 

water  from   693-696 

Carbonton  dam.  North  Carolina,  power  de- 
veloped at    190 

Carey  Act,  operations  under   288,  446,  464 

Carlton,  Ga.,  stream  measurements  at   225-227 

Carritunk  Falls,  Kennebec  River,  power  at  69 

Carroll  Creek,  Maryland,  pollution  of   153 

measurements  of   153 

Carrollton,  Ohio,  water  supply  of   696 

Carryall  township,  Ohio,  water  supply  of. . .  710 

Carter,  S.  M.,  acknowledgments  to   33 

Carters,  Ga.,  stream  measurements  at   241, 

243-244,  252 

Carters  Falls,  North  Carolina,  water  power 

at   200 

Carters ville,  Va.,  stream  measurements  at. .  169 

Cary,  Austin,  cited  40-41,  88 

Cary,  Ga.,  stream  measurements  at   227-229 

Cassels,  J.  L.,  analysis  of  water  by   681 

Cassidy,  Moore  &  Davis  Canal  Company, 

Idaho,  measurements  of  canal  of   453 

Castalia,  Ohio,  water  supply  of   680-682 

water  power  utilized  at   681 

analysis  of  water  at   681 

Castle  Rock,  Nebraska,  exposures  at   751,  755 

elevation  of   783 

Castle  Rock  canal,  Nebraska,  irrigation  by  306,  773 
Catawba,  N.  C,  stream  measurements  at .  212-213 
Catawba  Creek,  Virginia,  measurements  of.  170 
Catawba  Lumber  Mills,  Catawba  River, 

power  utilized  by   210 

Catawba  River,  course  of   204 

power  of   205-211 

power  on  tributaries  of   211-  212 

measurements  of   212-214 

rating  tables  for   212,  213 

diagrams  showing  discharge  of  213,  214 

Catoctin  Creek,  Maryland,  measurements  of  152 
Catoctin  Creek,  Virginia,  measurements  of.  140 
Cedar  Canyon,  Nebraska,  columnar  sections 

in   753 
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Cedar  Creek,  Nebraska,  irrigation  from   779 

Cedar  Creek,  Virginia,  measurements  of   137 

pollution  of   137-138, 160 

water  powers  of   160 

Cedar  Creek,  Virginia,  measurements  of   170 

Cedar  "Falls,  North  Carolina,  water  power  at  191 
Cedar  Falls,  South  Carolina,  water  power  at  222 
Cedar  Falls  Manufacturing  Company,  North 

Carolina,  power  utilized  by  mill  of.  191 
Cedar  River,  "Washington,  measurement  of  501-502 

diagram  showing  discharge  of   502 

Celina,  Ohio,  water  supply  of   658-659 

analysis  of  water  at   659 

Center  township,  Ohio,  thickness  of  drift 

in   713 

Central  Falls,  North  Carolina,  water  power 

at   191 

Central  Park  ditch,  Idaho,  measurements  of  453 

Chadron,  Nebr.,  columnar  section  at   758 

stream  measurements  at   771 

Chadron  Creek,  Nebraska,  irrigation  from  .  777 
Chadron  formation,  Nebraska,  occurrence 

and  character  of   736,  759 

columnar  sections  showing   757, 758 

water  from   763 

Chaflfee,  F.  P.,  acknowledgments  to   33 

Chamberlain,  J.  P.,  work  of   538 

Chambersburg,  Pa.,  stream  pollution  at   148 

Chambersburg  "Woolen  Company,  Pennsyl- 
vania, stream  pollution  from  mill  of.  148 

Chapin,  L.  E.,  work  of   695,  696 

cited  ;   696 

Charlestown,  "W.  Va.,  stream  pollution  at..  137 
Chatham  Manufacturing  Company,  North 

Carolina,  power  utilized  by  mill  of .  200 
Chattahoochee  River,  Georgia,  course  of. .  227,  233 

measurements  of   235-240 

rating  tables  for   235,  238 

diagrams  showing  discharge  of   236,  239 

rating  curve  for   238 

Chattanooga,  Tenn.,  stream  measurements 

at    260-262 

Cherokee  Shoal,  Broad  River,  South  Caro- 
lina, power  at   216-217 

Cherry  Creek,  Nebraska,  irrigation  from . .  780 
Cherry  Creek  ditch,  Nebraska,  location  of.  780 
Chesapeake  and  Ohio  Railway,  acknowl- 
edgements to   34 

Chestatee  River,  Georgia,  measurements  of  240 
Chesuncook  Lake,  Maine,  drainage  from  . .  37 

Cheyenne  County,  Nebr..  irrigation  in   768, 

772, 773,  774 

elevations  in   782 

Chimney  Rock,  Nebraska,  geologic  forma- 
tions at    741, 748 

view  of   752 

elevation  of  ,   782 

Chimney  Rock  canal,  Nebraska,  irrigation 

by   306,773 

Chinook,  Mont.,  irrigation  near   286-287 

stream  measurements  at   290 

Christian  Creek,  Virginia,  water  powers  and 

pollution  of   1 59 

Christiansen  ditch,  Nebraska,  irrigation  by  778 
Cienega,  Cal.,  stream  measurements  at   r)35 
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Circle  Arrow  ditch,  Nebraska,  irrigation  by  778 

City  Creek,  California,  irrigation  from   613 

measurements  of   613 

City  Creek  "Water  Company,  irrigation  by . .  613 

Clark,  Galon,  work  of   538 

Clark    County,  Ohio,  character   of  rock 

water  in   656 

Clarksville,  Va.,  stream  measurements  at.  178-181 
Clear  Creek,  "Wyoming,  measurements  of.  297-298 

diagram  showing  discharge  of   298 

Clearwater  River,  Idaho,  measurements  of. .  460 
Cleveland  Cotton  Mills,  South  Carolina, 

power  utilized  by   219 

Clifton  Cotton  Factories,  South  Carolina, 

power  utilized  by   219 

Clinton  County,  Ohio,  character  of  rock 

water  in   655 

Clinton  group,  Ohio,  geologic  position  of   638 

occurrence  and  character  of   643 

character  of  water  from   654-656 

Clover  Orchard  Cotton  Factory,  North  Caro- 
lina, power  utilized  by   189 

Clyde,  Ohio,  water  supply  of   678-679 

Cobbosseecontee  River,  character  of   79 

measurements  of   79-84 

diagrams  showing  discharge  of   80 

Cody  ditch,  "Wyoming,  irrigation  from         290,  292 

Coe,  E.  S.,  aid  by   59  (note) 

Coffee's  ditch,  Nebraska,  location  of   779 

Cogswell,  Filmore,  work  of   32, 402,  411 

Cold  Spring,  Georgia,  measurements  of   240 

Cole,  Burt,  acknowledgments  to   33 

work  of   538 

Colemans  Falls  dam,  James  River,  descrip- 
tion of   166,168 

Coliseum  Rock,  Nebraska,  elevation  of   784 

Collins,  Nebr.,  elevation  of   783 

Collinston,  TJtah,  stream  measurements  at  434-435 

Colorado,  report  of  State  engineer  cited   304 

stream  measurements  in   311-322, 

353-360, 383-384,  399-415 
Colorado  Midland  Railway,  acknowledg- 
ments to   33 

Colorado  River,  measurements  of   378 

course  of   390-391 

measurements  of  tributaries  of   391-423 

Colton,  A.  T.,  work  of   32 

Colton,  Cal.,  electric  transmission  of  power 

to   548,549,550 

Coltrane's  gristmill.  North  Carolina,  power 

utilized  by   191 

Columbia,  S.  C,  water  power  at   215 

Columbia  Canal,  South  Carolina,  construc- 
tion of   215 

Columbia  Electric  Street  Railway,  Light,  and 
Power  Company,  South  Carolina, 

power  utilized  by   215 

Columbia  Manufacturing  Company,  North 

Carolina,  power  utilized  by   191 

Columbia  Mills  Company,  Soutli  Carolina, 

Ijower  utilized  by  215,  216 

Columbia  Kiver,  measurements  of   466 

Columbia  "Water  Power  Company,  South 

Carolina,  power  utilized  by   216 

Columbiana,  Ohio,  water  supi)ly  of   696 


792 


INDEX. 


Page. 

Columbxis,  Ga.,  water  power  at   235 

stroam  ineasureiuents  at   240 

Co]  luiibus,  Nebr.,  stream  measurements  at. .  327, 

331-334 

Columbus,  Ohio,  character  of  rock  water 

at   632-683 

Colville  ditch,  Nebraska,  location  of   776 

Como  Creek,  Montana,  measurements  of. . .  460 

Congaree  Eiver,  course  of   215 

Conglomerate  Coal  Measures,  Ohio,  geologic 

position  of   638 

occurrence  and  character  of   649 

Connecticut  River,  measurements  of  116-117 

diagram  showing  discharge  of   117 

Conococheague  Creek,  Maryland,  measure- 
ments of   148 

pollution  of   148 

Converse,  D.  E.,  &  Co.,  South  Carolina,  power 

utilized  by  factory  of   219 

Cook  ditch,  Montana,  description  of   286 

Cooks  Creek,  Virginia,  water  power  and 

pollution  of   159 

Cooper,  Thomas,  acknowledgments  to   34 

Cooper  ditch,  !N"ebraska,  location  of   776 

Coosa  River,  measurements  of  tributaries 

of   241-246 

measurements  of   241,  246-249 

map  of   246 

rating  curve  for   247 

rating  table  for   248 

diagram  showing  discharge  of   249 

Coosawattee  River,  measurements  of.  241, 243-244 

rating  table  for   243 

diagram  showing  discharge  of   244 

Corbett,  AVyo.,  gaging  station  at   290 

Corniferous  limestone,  Ohio,  geologic  posi- 
tion of   638 

occurrence  and  character  of   646 

character  of  water  from   682-683 

Coshocton,  Ohio,  water  supply  of   693 

Cottonwood  avenue  pressure  pipe,  Ales- 

sandro,  Cal.,  course  of   591 

Cottonwood  Creek,  Montana,  measurements 

of   275 

Cottonwood   limestone,  Nebraska,  occur- 
rence and  character  of   738 

Couch  ditches,  Nebraska,  irrigation  by   778 

Courtenay  Manufacturing  Company,  South 

Carolina,  power  utilized  by  mills  of  222 
Courthouse  Rock,  Nebraska,  elevation  of.  730,  782 

view  of   730 

geologic  formations  at   748 

Courthoiise  Rock  canal,  Nebraska,  construc- 
tion of   774 

Cover,  F.  P.,  stream  pollution  from  tannery 

of   138 

Cover,  J.  R.,  stream  pollution  from  tannery 

of   138 

Covina,  Cal.,  rainfall  at   539 

Cowan  Ford  Shoal,  Catawba  River,  power  at  209 
Cowiche  Reservoir  and  Canal  Company, 

"Washington,  operations  of   466-467 

Cowpasture  River,  Virginia,  measurements 

of   170 

Cox,  C.  N.,  irrigation  by   399 
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Cox  ditch,  Washington,  measurements  of.  470, 472 

Coyote  Hill,  Nebraska,  elevation  of  ....  783 

Crafton  canal,  California,  construction  of.  553-555 

Crafton  reservoir,  California,  view  of   548 

construction  of   553-554 

distribution  of  water  from   558-559 

Crafton  Water  Company,  California,  plant 

of   553-555 

plan  of  canal  and  sand  box  of   554 

constitution  of   555-558 

Craig's  Creek,  Yirginia,  measurements  of  . .  J 70 
Cram- Van  Lueven  ditch,  water  rights  of . .  573,  575 
Crawford,  Nebr.,  stream  measurements  at  298-299, 

771 

elevation  of   785 

Crawford  Citizens'  ditch,  Nebraska,  loca- 
tion of   776 

Cressy,  S.  W.,  acknowledgments  to   33 

Crimora,  Va.,  water  power  at   139 

Cripple  Creek,  Virginia,  measurements  of. .  173 

Crittenden,  A.,  well  driven  by   689 

Crocker,  George,  work  of   538 

Crockers,  California,  rainfall  at   538, 539 

Croninger,  W.  W.,  acknowledgments  to   717 

Crooked  River,  Maine,  course  of   97 

Crooked  River,  Oregon,  measurements  of.  496,  498 
Crooked  Run,  Virginia,  measurement  of   136 

water  powers  and  pollution  of   157 

Crystal  Run,  Virginia,  measurement  of   137 

water  powers  and  pollution  of   157 

Cub  Run,  Virginia,  water  powers  and  i)o]lu- 

tion  of   158 

Cumberland,  Md.,  stream  pollution  at   145 

water  supply  of   145-146 

stream  measurements  at   146-147 

Cumberland  Mills,  Maine,  water  power  at. .  98 
Currant  Creek  reservoir,  Utah,  area  and 

capacity  of   443 

Current  meters,  forms  of   18-19,  24-25 

methods  of  rating   27-30 

Curtin,  A.  B.,  acknowledgments  to   717 

Cushaw  dam,  James  River, description  of.  166, 168 
Cushnoc  Fibre  Company,  Kennebec  River, 

power  utilized  by   70 

Cuyahoga  Falls,  Ohio,  water  supply  of . . .  692-693 
Cuyahoga  shale,  Ohio,  -;cologic  position  of. .  638 

occurrence  and  character  of   648 

Cuyamaca,  Cal.,  rainfall  at   538,539 

Cyrus,  Nebr.,  elevation  of   782 


Daemonelix  beds,  Nebraska,  occurrence  of.  735,  743 
view  of   746 

Dahlonega,  Ga.,  stream  measurements  at  and 

near..  ,   240 

Dakota  Junction,  Nebr.,  elevation  of   785 

Dakota  sandstone,  Nebraska,  occurrence  and 

character  of   737,  760 

presence  of  water  in   765 

Dan  River,  power  of   176-178 

measurements  of  178-179 

rating  table  for   178 

diagram  showing  discharge  of   179 

Dana,  J.  D..  cited   640 
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Dana  Warp  Company,  Presumpscot  Kiver, 

power  utilized  by   99 

Danville,  Ta.,  water  power  at   176 

Darton,  i^".  H,,  paper  on  geology  and  water 

resources  of  western  Nebraska  by  719-785 

Daut  ditch,  Nebraska,  location  of   779 

Davey  ditch,  Montana,  description  of   286 

David  Creek,  Virginia,  measurements  of  . . .  171 

Davids  E-un,  Virginia,  measurements  of   170 

Davidson,  H.  A.,  acknowledgments  to   33 

Davis,  A.  P.,  work  of          132,  231, 237,  396,  483,  521 

Davis,  Mrs.  J.  T . ,  work  of   32 

Dawes  County,  Nebr.,  irrigation  in. . .  775,  776-777 

elevations  in   785 

Dayton  limestone,  Ohio,  analysis  of   644 

Dead  Horse  Creek,  Nebraska,  irrigation 

from   777 

Deansbury,  Colo.,    stream  measurements 

at   312-313 

Deep  Creek,  California,  rainfall  at   620 

Deep  River,  North  Carolina,  power  of  189-192 

Defiance  County,  Ohio,  flowing  wells  in   698 

Deford  Company,  stream  pollution  from  tan- 
nery of   138 

Del  Norte,    Colo.,    stream  measurements 

at    383-384 

Delaware,  Ohio,  water  supply  of   671-673 

section  of  well  at   671,  672 

*     analysis  of  water  at   672 

Delaware  River,  measurements  of   122 

Delaware  "Water  Gap,  Pa.,  stream  measure- 
ments at  -   122 

Delphos,  Ohio,  water  supply  of   665-667 

analysis  of  water  at   666 

Denver,  Colo.,  stream  measurements  at ..  313-314 
Denver  and  Rio  Grande  Railroad,  acknowl- 
edgments to   33 

aid  by   353 

Deschutes  Basin,  Oregon,  stream  measure- 
ments in  . ,   495-498 

Deschutes  River,   Oregon,  measurements 

of   495,496,497,498 

Devils  Canyon,  California,  irrigation  from. .  614 

Devils  Shoal,  Catawba  River,  power  at   210 

Devils  Staircase  and  Long  Shoal,  Yadkin 

River,  power  at   197 

Devils  Steps  dam.  North  River,  description 

of   165 

view  of   166 

Devonian  limestone,  Ohio,  geologic  position 

of   638 

occurrence  and  character  of   646 

Devonian  shale,  Ohio,  geologic  position  of. .  638 

occurrence  and  character  of   647 

Diedrichson  ditch,  Nebraska,  location  of...  776 
District  of  Columbia,  stream  measurements 

in   155 

Divide,  Mont.,  water  power  at   281 

Dix,  Nebr.,  elevation  of   782 

Dobbin,  "W.  Va.,  stream  pollution  at   142 

Dobson,  Adna,  stream  measurements  hy   770 

cited   777 

Dolores,  Colo.,  stream  measurements  at. . .  407-409 
Dolores  River,  Colorado,  measurements  of  407-409 

rating  table  for   408 

diagram  showing  discharge  of   409 
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Dome  Rock,  Nebraska,  elevation  of   783 

Dorrington,  ISebr.,  columnar  sections  near  745,  754 

elevation  of   783 

Double  Shoals,  South  Carolina,  power  at   219 

Dougall,  W.  B.,  work  of   396 

Douglass,  S.  H.,  analysis  of  water  by   704 

Dover,  Me.,  water  power  at   64 

Dover  Creek,  Virginia,  measurements  of . . .  171 
Drehers  Canal,  South  Carolina,  construc- 
tion of   221 

Drift,  Nebraska,  occurrence  and  character 

of   734 

Dry  Ci-eek,  Montana,  measurements  of . . .  274,  275 
Dry  Creek  ditch,  Idaho,  measurements  of  . .  453 
Dry  River,  Virginia,  water  power  and  pollu- 
tion of   160 

Dry  Run,  Virginia,  water  power  and  i)ollu- 

tion  of   157 

Dublin,  Ga.,  stream  measurements  at   227 

Dublin  township,  Ohio,  Avater  supply  of   711 

thickness  of  drift  in   713 

Duchouquet  township,  Ohio,  thickness  of 

drift  in   712 

Duggers  Springs,  Nebraska,  elevation  of   782 

Duncan   Company,  New  York,  measure- 
ments at  dam  of   117 

Dungeness  River,  Washington,  mea.sure- 

ments  of   504 

drainage  basin  of   504-505 

Dunn's  ditch,  Nebraska,  location  of   780 

Durango,  Colo.,  stream  measurements  at. .  414-415 

Durham  Shoal,  Broad  River,  power  at   217 

Duty  of  water  in  San  Bernardino  Valley.  543-548 
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Eagle  Rock  and  Willow  Creek  canal,  Idaho, 

irrigation  by   445 

Earnest  ditch,  Nebraska,  location  of   775 

East  Ash  Creek,  Nebraska,  measurements 

of   771 

irrigation  from   776-777 

East  Clallum,  Wash.,  rainfall  at   508 

East  Gallatin    River,  Montana,  seepage 

measurements  of   271-275 

map  of   272 

East  Highlands  Orange  Company,  Califor- 
nia, irrigation  by   614 

East  Liverpool,  Ohio,  water  supply  of   693 

East  Long  Swamp  Creek,  Georgia,  meas- 
urements of   252 

East  Redlands  Water  Compan}',  fJalifornia, 

operations  of   583 

East  Side  ditch,  Oregon,  construction  of   500 

East  Springs,  Nebraska,  elevation  of   784 

East  Twin  Creek,   California,  irrigation 

from   612-613 

measurements  of   613 

East  Union,  Ohio,  rock  water  at   688-689 

plate  showing  artesian  well  at   688 

Eaton,  H.  F.,  &  Sons,  St.  Croix  River,  power 

utilized  hj   51 

Echo  Mountain,  California,  rainfall  near.  538,  539 
Edwards  Manufacturing  Company,  Kenne- 
bec River,  power  utilized  by   70 

El  Paso,  Tex.,  stream  measurements  at..  389-390 
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Electric  transmission  of  water  jiower,  Maine  99 

North  Carolina   177, 196 

South  Carolina   215-216,223 

Montana   281,283 

California   516-518,  548--551 

Elk  Creek,  "West  Virginia,  measurements 

of   138 

pollution  of   138, 139 

Elk  Garden,  W.  Va.,  stream  pollution  at. . .  142 

Elk  River,  Kansas,  course  of   363,  365 

measurements  of   369, 372 

Elk  Run,  Virginia,  water  powers  and  pollu- 
tion of   158 

Elkhorn  River,  Nebraska,  measurements 

of   334-335 

rating  table  for   335 

Elkin  Creek,  North  Carolina,  power  of. ....  200 
Elkin    Manufacturing    Company,  North 

Carolina,  xiower  utilized  by   200 

Elkin  Valley  Mill,  North  Carolina,  power 

utilized  by   200 

Elko,  Nev.,  stream  measurements  at.  424-425,  426 

Elkton,  Va.,  stream  measurements  at   138 

stream  pollution  at   139 

Ellensburg,  Wash.,  irrigation  near   462 

Ellsworth,  Kans.,  stream  measurements  at  346-347 
Elwha  River,  Washington,  measurements 

of   504 

drainage  basin  of.   506-508 

map  of  dam  site  on   506 

section  at  dam  site  on   507 

Embudo,  N.  Mex.,  stream  measurements 

at   384-385 

Emery,  Roe,  work  of   32, 271 

Emory,  W.  Va.,  stream  pollution  at   142 

Emporia,  Kans.,  rainfall  at   366 

Endor  dam,  North  Carolinia,  power  devel- 
oped at   190 

Engels.  Wm.,  &  Co.,  Penobscot  River,  opera- 
tions of   62 

Engineering  News  cited   444 

Enochs  Rips,  St.  Croix  River,  power  at   50 

Enoree  Mills,  South  Carolina,  power  at   217 

Enoree  River,  power  of   217-218 

Enterprise  canal,  Nebraska,  irrigation  by  . .  305 

772, 773 

elevation  of  intake  of   783 

Enterprise  Cotton  Mills,  North  Carolina, 

power  utilized  by   190 

Enterprise  ditch,  Idaho,  irrigation  by   455 

Equus  beds,  Nebraska,  occurrence  of          732,  740 

Erie  Canal,  water  supply  of   262 

Errol  dam,  Androscoggin  River,  storage  at.  87,  91 

Etowah  River,  measurements  of          211-243, 252 

rating  table  for   242 

diagram  showing  discharge  of   243 

Eureka  Irrigating  and  Milling  Company, 

Washington,  operations  of   505 

Evaporation  in  Mohave  River  Valley,  Cali- 
fornia   621-622,  623-624 

Evaporation  and  seepage  near  Kearney, 

Nebr   336-337 

Evitt  Run,  West  Virginia,  measurement  of.  137 

water  powers  and  pollution  of  156-157 

Evitts  Creek,  Maryland,  measurement  of. . .  146 
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Excelsior  ditch,  California,  measurements 

of     562,564 

Eyster  &-  Son,  power  utilized  by   137 

E. 

Fairfield,  Me.,  water  power  at   70 

rainfall  at   77 

Fall  Creek,  Colo.,  stream  measurements  at.  406-407 

Fall  River,  Kansas,  character  of   363,  365 

measurements  of   369-372 

power  of   375 

Fall  River,  Kans.,  stream  measurements  at.  369, 372 
Falling  Creek,  North  Carolina,  power  of  . . .  199 

Fanning,  J.  T.,  work  of   377 

Farish,  W.  A.,  work  of   32, 419 

Farmers  canal,  Nebraska,  construction  of . .  773 

Farmers  canal,  Wyoming,  irrigation  by   305 

Farmers'  Canal  Company,  Nebraska,  organ- 
ization of   772 

Farmers  Friend  canal,  Idaho,  irrigation  by .  445 
Fayette, W.Va.,  stream  measurements  at.  255,  256 
Fayetteville,  N.  C,  stream  measurements 

at    192-193 

Fellows,  A.  L.,  work  of   32 

Fifteenmile   Creek,    Maryland,  measure- 
ments of   148 

Fine  Creek,  Virginia,  measurements  of   171 

First  Broad  River,  South  Carolina,  power  of  219 

Fisher,  C.  A.,  work  of   727,  774 

Fisher,  D.,  acknowledgments  to   33 

Fisher  Creek,  Virginia,  measurements  of. . .  170 
Fishers  River,  North  Carolina,  power  of . . .  199 
Flat  Shoals,  North  Carolina,  water  power  at  199 
Flat   Swamp    Mountain     Shoal,  Yadkin 

River,  water  power  at   196 

Flint  River,  Georgia,  measurements  of  233-234, 

240 

rating  table  for   234 

diagram  showing  discharge  of   234 

Flint  River,  West  Virginia,  measurements  of  138 

water  power  and  pollution  of   157 

Flood  ditch,  Nebraska,  location  of   777 

Flowing  Run,  West  Virginia,  measure- 
ments of   137 

water  power  and  pollution  of   156 

Flowing  wells  in  Ohio,  character  and  loca- 
tion of   697-711 

Foard  &  Lindsay,  North  Carolina,  power 

utilized  by  mill  of   199 

Fogle  Bros.,  North  Carolina,  electric  trans- 
mission of  power  to   196 

Follett,  W.  W. ,  aid  by   382 

Follows,  R.  M.,  work  of   538 

Follows  Camp,  California,  rainfall  at          538, 539 

Forbes,  J.  W.,  work  of   538 

Forest  resources  of  Maine   39-41 

Fork  Shoal,  South  Carolina,  power  at   222 

Fort  Belknap  Irrigation  Company,  descrip- 
tion of  canal  of   286 

Fort  Benton,  Mont.,  stream  measurements 

at   290 

Fort  Crawford,  Colo.,  stream  measurements 

at    402-404 

Fort  Lyons  Canal  Company,  acknowledg- 
ments to   33 
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Fort  Robinson,  Nebr.,  stream  measurements 

at   771 

elevation  of   785 

Fort  Robinson  ditch,  Nebraska,  measure- 
ments of   771 

Fort  Seybert,  W.  Va.,  water  power  at   134 

Fort  Tejon,  Cal..  rainfall  at   538,  539 

Fortier,  Samuel,  work  of   32 

cited   431 

Foster  Creek,  Montana,  measurements  of.  274,  275 
Fountain  Park,  Ohio,  character  of  rock 

water  at   660-662 

plate  showing  wells  in   688 

analyses  of  rock  water  at   661,  662 

Franklin  township,  Ohio,  water  supply  of. .  711 

thickness  of  drift  in   713 

Franklinville,  N.  C,  water  power  at   191 

Franklin  vi  lie    Manufacturing  Company, 

North  Carolina,  power  utilized  by  .  191 

Frazier  mine,  California,  rainfall  at   538,  539 

Frederick,  Md.,  stream  pollution  at   153 

stream  measurements  at   153-155 

Freemon's  gristmill,  North  Carolina,  power 

utilized  by   191 

Freeport,  Nebr.,  elevation  of   783 

French  Broad  River,  North  Carolina,  meas- 
urements of   256,  258 

rating  table  for   257 

diagram  showing  discharge  of   258 

Frenchman  River,  Nebraska,  measurements 

of   351 

Fresno  Cal.,  electric  transmission  of  water 

power  at  516-518 

Friday  Shoal,  North  Carolina,  power  at   211 

Fries  Manufacturing  and  Power  Company, 

Tadkin  River,  power  utilized  hv-..  196 
Fries  Woolen  Mill,  the  F.  &  H.,  North  Caro- 
lina, electric  transmission  of  power 

to   196 

Frizell,  J.  P.,  work  of   377 

Fulton  Countj",  Ohio,  flowing  wells  in   698 

Funnel  Rock  Nebraska,  elevation  of   783 

Furman  ditch,  Nebraska,  location  of   775 

G. 

Gabe  Rock,  Nebraska,  elevatiou  of   783 

Gabe  Springs,  Nebraska,  elevation  of   783 

Gaflney,  S.  C,  stream  measurements  at..  220-221 
Gainesville,  Ga.,  stream  measurements  near.  240 
Gallatin  River,   measurements  of  tribu- 
taries of   271-277 

measurements  of   277-278 

rating  table  for   277 

diagram  showing  discharge  of   278 

Gannett,  Henry,  cited   782,  785 

Gardiner,  Me.,  rainfall  at   80,  82-84 

Gardiner  Water  Company,  Maine,  stream 

measurements  at  dam  of   81-84 

Gardners  Ford,  South  Carolina,  water  power 

at   219 

Gardners    Shoal,  North   Carolina,  water 

power  at   190 

Gastons  Shoal,  Broad  River,  power  at   217 


Paga 

Genesee  River,  New  York,  plate  showing 

weir  in   18 

measurements  of   262-264 

diagram  showing  discharge  of   263 

Genito  Creek,  Virginia,  measurements  of. . .  171 

Genoa  limestone,  Ohio,  analj'sis  of   645 

Georges  Creek,  Maryland,  measurement  of.  144 

analysis  of  water  from    144 

pollution  of   155-156 

Georgetown,  D.  C,  stream  pollution  at   155 

Georgia,  stream  measurements  in         225-246,  252 

Georgia  Creek,  Virginia,  measurements  of. .  171 

Gering,  Nebr.,  stream  measurements  at   308 

columnar  sections  near  . .  743,  746,  750,  751, 752 

elevation  of   783 

Gering  canal,  Nebraska,  location  of   773 

Gering  formation,  Nebraska,  plate  showing 

erosion  in   734 

occurrence  and  character  of. .  735-736,  747-755 

columnar  sections  showing   7i0-758 

water  from   762-763 

Giant  Springs,  Montana,  measurements  of  .  290 
Gibbon,  Oreg.,  stream  measurements  at . .  493-494 

Gila  River,  Arizona,  measurements  of  415-417 

rating  table  for  :   416 

diagram  showing  discharge  of   417 

measurements  of  tributaries  of   417-423 

Gilbert,  G.  K.,  cited   352 

Gilchrist,  Nebr.,  elevation  of   784 

Girard,  Nebr.,  elevation  of   785 

Glacial  drift,  Ohio,  geologic  position  of   638 

occurrence  and  character  of   650 

Glasgow,  Va.,  stream  measurements  at. . .  161-162 

Glen,  Nebr.,  elevation  of   784 

Glen  Manufacturing  Company,  Androscog- 
gin River,  power  utilized  by   91 

Glencoe  Cotton  Mills,  North  Carolina,  power 

utilized  by   189 

Glendale,  South  Carolina,  water  power  at. .  219 
Gleudon  Flouring  Mills,  North  Carolina, 

power  developed  at   190 

Glenn's  mills,  North  Carolina,  power  uti- 
lized by   190 

Gofif  ditch,  Nebraska,  location  of   777 

Golconda,  Nev.,  stream  measurements  at.  427,  429 
Gooneys  Creek,  Virginia,  measurement  of.  138 

pollution  of   138,157 

water  power   157 

Goose  Creek,  Virginia,  measurement  of   140 

Goose   Creek,  "Wyoming.  See  Big  Goose 

Creek,  Little  Goose  Creek. 
Goose  Neck  dam.  North  River,  description 

of   165 

Gordon  Creek,  Nebraska,  measurements  of.  300 
Gorgas  dam.  North   Carolina,  power  de- 
veloped at   190 

Gorman,  Cal.,  rainfall  near   538,  539 

Gormania,  W.  Va.,  stream  measurements  at.  141 

stream  pollution  at   142 

Granby  mills.  Broad  River,  power  utilized 

by   216 

Grand  Falls,  Penobscot  River,  power  at   60 

Grand  Falls,  St.  Croix  River,  power  at  47-50 

Grand  Junction,  Colo.,  stream  measurements 

at   399-401,404-406 
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Grand  Lake,  Maine,  storage  at   46 

Grand  Eiver,  Colorado,  measurements  of . .  399-401 

rating  table  for   400 

diagram  showing  discharge  of   401 

measurements  of  tributaries  of   402-409 

Grandview,  Idaho,  stream  measurements 

at    450-451 

Granger,  Wyo.,  stream  measurements  at.  391-393 
Granite,  Colo.,  stream  measurements  at.  353-354, 

355 

Granite    Cotton    Mills,   North  Carolina, 

power  utilized  by   188 

Grants  dam,  James  River,  description  of. . .  166 
Granville  township,  Ohio,  thickness  of  drift 

in   714 

Grass  Valley,  California,  rainfall  in   619,  620 

Grass  Valley  reservoir,  California,  capacity 

of   627 

Grassy  Island  Shoal,  North  Carolina,  water 

power  at   194 

Gravel  Shoal,  Broad  River,  power  at   216 

Great  Black  shale,  Ohio,  geologic  position  of.  638 
Great  Falls,  Catawba  River,  power  at :. . .  205,  207 
Great  Falls,  Presumpscot  River,  power  at. .  98 

Great  Falls,  Saco  River,  power  at  109,  111 

Great  Falls,  Saluda  River,  pow^r  at   221 

Great  Falls  Manufacturing  Company,  North 

Carolina,  power  utilized  by  mill  of  .  199 
Great  Falls  Shoal,  Catawba  River,  power  at  210 
Great  Kanawha  Basin,  stream  measure- 
ments in   253-256 

Great  Lakes  watershed,  stream  measure- 
ments in    262-264 

Great  Northern  Railway,  acknowledgments 

to   34 

Great  Pedee  River,  course  of   194 

Great  Salt  Lake,  stream  measurements  in 

basin  of   431-444 

Great  Western  canal,  Idaho,  irrigation  by. .  445 
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Logan,  Utah,  stream  measurements  at...  433-434 

Logan  group,  Ohio,  geologic  position  of   638 

occurrence  and  character  of   648-649 

Logan  River,  Utah,  measurements  of   433-434 

rating  table  for   433 

diagram  showing  discharge  of   434 

Lolo  Creek,  Idaho,  measurements  of   460 

Long  Island  Cotton  Mill,  Catawba  River, 

power  utilized  by   210 

Long  Marsh  Run,  Virginia,  water  powers 

and  pollution  of   157 

Long  Meadow  Creek,  Virginia,  water  powers 

and  pollution  of   159 

Long  Shoals  Cotton  Mill,  North  Carolina, 

power  utilized  by   211 

Long  Springs,  Nebraska,  elevation  of   783 

Lookout  Shoal,  Catawba  River,  power  at . .  210 
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654, 659, 663, 664, 666,  672,  673 

Loricks  Falls,  Saluda  River,  power  at   221 
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Lost  River,  "West  Virginia,  course  of   135 
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measurements  of   331-333 
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tion of    638 

occurrence,  and  character  of   649-650 

Lower  Coal  Measures,  Ohio,  geologic  posi- 
tion of   638 

occurrence  and  character  of   649 
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and  character  of   644-646 
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McGinley  Lakes,  Nebraska,  elevation  of   784 
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tion of  ,  775 
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Madison,  Me.,  water  power  at   69-70 

Madison,  N.  C,  water  power  at   178 

Madison  River,  measurements  of   279-280 
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diagram  showing  discharge  of   280 

Madison  Water  Company,  Kennebec  River, 

power  utilized  by   69 

Madison  Woolen  Company,  Kennebec  River, 

power  utilized  by   69 

Mahoning  sandstone,  Ohio,  occurrence  and 

character  of   650 

Maidens  Adventure  dam,  James  River,  de- 
scription of   166, 169 

Maine,  paper  by  Dwight  Porter  on  water- 
power  streams  of  34-111 

lake  storage  in   37-39 
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Maine,  topography  and  forest  resources 

of   39-41,52-53,65-66 

uses  of  water  power  in  41-42 

stream  measurements  in   92-97,  99-108 

rainfall  in   101-108 

Malade  River,  Idaho,  measurements  of. . .  448-449 

rating  table  for   448 

Mallison  Tails,  Maine,  water  power  at   99 

Mallorys  Creek,  Virginia,  measurements  of  171 
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Manhattan  Oil  Company,  Ohio,  acknowl 
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Manzanita  avenue  ditch,  California,  course 

of   590 
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stream  measurements  at   294-295 
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Mercer  County,  Ohio,  following  wells  in.  710-711 
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Milstead,  Ala.,  stream  measurements  at. .  249-250 

Minatare,  Nebr.,  elevation  of   783 

Minatare  canal,  Nebraska,  irrigation  by   306, 

772,  773 
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ments of   300 
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772-773,  778 

Mitchell  Pass,  Nebraska,  elevation  of   783 

Mitchells  River,  North  Carolina,  j)Ower  of. .  199 
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Morgan,  F.  E.,  cited   365 

Morganton,  N.  C,  water  power  at   210 
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Mormon  ditch,  "Wyoming,  irrigation  by   293 

Morrison,  Colo.,  stream  measurements  at. . .  317 
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Mutah  Flat,  California,  rainfall  at   538,  539 


N. 


Naches    and    Columbia   River  irrigation 
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geologic  maps  of   736,  738 
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underground  waters  in   761-766 
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timber  in   781 
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Neely  &  Clover,  acknowledgments  to   717 
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diagram  showing  discharge  of   363 
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diagram  showing  discharge  of   186 
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New  London,  Ohio,  water  supply  of   689-690 

New  Mexico,  stream  measurements  in   384-389 
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rating  table  for   255 

diagram  showing  discharge  of   256 
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Newberry,  J.  S.,  cited   680 
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utilized  by   188 
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ments of   134 
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of   218 
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rating  table  for   228 

diagram  showing  discharge  of   229 

Octoraro  Creek,  measurements  of   128-129 

rating  table  for   128 

diagram  showing  discharge  of   129 

Odell  Manufacturing  Company,  North  Car- 
olina, power  utilized  by   188 

Ogallala  formation,  Nebraska,  occurrence 

and  character  of   734-735, 741-742 

columnar  sections  showing   742,  754,  756 

water  from   762 

Ogden,  Utah,  stream  measurements  at   436-439 

Ogden  River,  Utah,  measurements  of   436-439 

rating  curve  for    438 

rating  table  for   438 

diagram  showing  discharge  of   439 

Ohio,  paper  by  Edward  Orton  on  the  rock 

waters  of   633-717 

location  of  wells  in   637 

geologic  column  of   638-651 

Ohio  Basin,  stream  measurements  in   253-262 

Ohio  Oil  Company,  acknowledgments  to  . ..  717 

Ohio  shale,  geologic  position  of   638 

character  of  water  from   684 

Old  Forge  dam,  James  River,  description  of.  168 
Old  Sowbellj'  ditch,  Nebraska,  location  of. .  779 

Oldtown,  Mo.,  water  power  at  56,  61,  62 

Oldtown  Electric  Light  Company,  Penob- 
scot River,  power  utilized  by   62 

Oldtown   Woolen     Company,  Penobscot 

River,  power  utilized  by   62 

Oliver  street  pressure  pipe,  Alessandro, 

Cal.,  course  of   591 
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Olympic  Peninsula,  Washington,  stream 

measurements  in   503-508 

map  of   503 

rainfall  in   508 

Omaha,  Nebr.,  map  showing  artesian  wells 

in   768 

O'Neill,  Nebr.,  stream  measurements  at   335 

Onondaga  series,  Ohio,  geologic  position  of.  638 

occurrence  and  character  of   644-646 

analysis  of   645 

character  of  water  from   664-682 

analyses  of  water  from   666, 

668,  689,  670,  672,  674,  676,  681 
Ontario,  Cal.,  electric  transmission  of  power 

to   548 

Oostanaula  River,  course  of    241 

measurements  of   245-246,  252 

rating  table  for   245 

diagram  showing  discharge  of   246 

Opossum  Creek, Virginia,  measurements  of.  170 
Orchard,  Colo.,  stream  measurements  at. .  315-316 
Orchard  Irrigation  Company,  Idaho,  opera- 
tions of   447 

Oreana,  Nev.,  stream  measurements  at. ..  428-429 
Oregon,  stream  measurements  in  .  493-494,  496,  498 
Orin  Junction,  Wyo.,  stream  measurements 

at   306-307 

Orono,  Me.,  water  power  at   56,62 

rainfall  at   57 

Orrville,  Ohio,  water  supply  of   687-688 

analysis  of  water  at   688 

Orton,  Edward,  paper  on  the  rock  waters  of 

Ohio  by   633-717 

Ossipee  Cotton  Mill,  North  Carolina,  power 

utilized  by   189 

Ossipee  River,  course  of   Ill 

Ostrea  congesta,  Nebraska,  occurrence  of 

beds  containing   760 

Otis  Falls  Pulp  Company,  Androscoggin 

River,  power  utilized  by   90 

Otter  Creek, Virginia,  measurements  of   170 

Otterman,  G.,  work  of   538 

Overall  Run,  Virginia,  water  powers  and 

pollution  of   157 

Owasco  siding,  Nebraska,  elevation  of   782 

Owens  Creek,  Virginia,  measurements  of. . .  171 
Owyhee  Land  and  Irrigation  Company, 

Idaho,  operations  of   450 

Ox  Toke  ditch,  Nebraska,  location  of   777 

P. 

Pace's  mill,  North  Carolina,  power  utilized 

by   188 

Pacolet  Mills,  South  Carolina,  power  util- 
ized by   218 

Pacolet  River,  South  Carolina,  power  of   218 

Palisade,  Nebr.,  stream  measurements  at. . .  351 
Pallett  Creek,  California,measurements  of. .  535 
Palmdale,  Cal.,  stream  measurements  at  .  527-528 

rainfall  at   538,539 

Palmer,  Joseph,  acknowledgments  to   717 

Palmer  ditch,  Nebraska,  location  of   775 

Palmers  Shoal,  Broad  River,  power  at   217 

Palouse  River  Irrigation  Company,  Idaho, 

construction  of  canal  of   458-459 
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Pamedecook  Lake,  Maine,  storage  at   54 

Paradise  Valley  canal,  Montana,  descrip- 
tion of   286 

Parker,  M.  S.,  aid  by   281 

Parker  Creek,  Virginia,  measurements  of. .  136 

water  powers  and  pollution  of   157 

Parkinson,  H.  F.,  acknowledgments  to   33 

Pasadena,  CaL,  electric  transmission  of 

power  to   548, 551 

Pasco,  "Wash.,  stream  measurements  at   466 

Pass  Run,  Virginia,   water  powers  and 

pollution  of   157 

Passadumkeag  River,  Maine,  power  on   64 

Passage  Creek,  Virginia,  measurements  of.  137 

water  power  and  pollution  of    160 

Patapsco  River,  measurements  of  129-130 

rating  table  for   129 

diagram  sbowing  discbarge  of   130 

Patterson  J.  A.,  power  utilized  by  mill  of. .  139 

Patterson,  N.  C.,  water  power  at   197 

Patterson  Creek,  West  Virginia,  measure- 
ments of   146 

Patuxent  River,  measurements  of  131-132 

rating  table  for   131 

diagram  sbowing  discharge  of   132 

Paul,  E.  G.,  work  of   132 

Paul,  Jobn,  work  of   693 

Pawpaw,  W.  Va.,  stream  pollution  at   135 

Payette,  Idaho,  stream  measurements  at.  455-456 
Payette  River,  Idaho,  measurements  of. . .  455-456 

diagram  showing  discharge  of   456 

Payette    Valley    Irrigation    and  Water 
Power  Company,  Idaho,  operations 

of   455 

Peacbtree  Creek,  Georgia,  measurements  of.  240 
Pedee  Manufacturing  Company,  K'ortb  Car- 
olina, power  utilized  by  mill  of   198 

Pedlar  dam,  James  River,  description  of.  166, 169 

view  of   168 

Pedlar  River,  Virginia,  measurements  of. . .  170 
Pejepscot  Mills,  Androscoggin  River,  power 

utilized  by   88 

Pelham  Manufacturing  Company,  South 

Carolina,  power  utilized  by  mill  of. .  218 

Pelzer,  S.  C,  water  power  at   222 

Pelzer  Manufacturing  Company,  Saluda 

River,  power  utilized  by  mills  of. . .  222 

Pence  ditch,  Idaho,  irrigation  by   455 

Pennsylvania,  stream  measurements  in. .  122-127 
Penobscot  Chemical  Fiber  Company,  Pe- 
nobscot River,  power  utilized  by  57,62 

Penobscot  Log  Driving  Company,  opera- 
tions of   60 

Penobscot  River,  lakes  tributary  to  37,  38 

power  utilized  on   42,  55-56,  60-64 

drainage  area  of   52-53 

fall  of   54-55 

measurements  of   56-57 

storage  facilities  of  57-60 

power  of  tributaries  of  64-65 

Pepperell  Manufacturing  Company,  Saco 

River,  power  utilized  by   109 

Peralto  ditch,  Wyoming,  irrigation  by   296 

Percolation  in  Mohave  River  Valley,  Califor- 
nia  622-625 

plan  of  apparatus  for  determining   622 
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Permian  limestone,  Nebraska,  occurrence 

and  character  of   738 

Perris,  F.  T.,  work  of   628 

Perris  pressure  pipe,  California,  course  of. .  591 
Perry  township,  Ohio,  thickness  of  drift 

in   711-712 

Peters  Creek,  Virginia,  measurements  of. . .  170 

Petersburg,  W.  Va.,  stream  pollution  at   135 

Peterson,  P.  A.,  cited   55,56 

Phyllis  canal,  Idaho,  measurements  of  . 451-452 

Piedmont,  W.  Va.,  water  supply  of   143 

stream  pollution  at   144 

Piedmont  Manufacturing  Company,  Saluda 

River,  power  utilized  by  factory  of  222 
Piedmont  Pulp  and  Paper  Mill  Company, 

stream  pollution  from  factory  of. .  143-144 
Piedra  River,  Colorado,  measurements  of. .  411-413 

rating  curve  for   412 

rating  table  for   412 

diagram  showing  discharge  of   413 

Pierce's  ditch,  Nebraska,  irrigation  by   777 

Pierre  clay,  Nebraska,  occurrence  and  char- 
acter of   736,  759-760 

Pike  County^,  Ohio,  character  of  rock  water 

in   684 

Pindell,  L.  M.,  acknowledgments  to    33 

Pioneer  Electric  Power  Company,  Ogden 

River,  operations  of   436-437 

Piscataquis  Falls  Pulp  and  Paper  Com- 
pany, Penobscot  River,  power  uti- 
lized by   61 

Piscataquis  River,  Maine,  power  on   64 

Pittsburg  sandstone,  Ohio,  occurrence  and 

character  of   650 

Plain  City,  Ohio,  character  of  rock  water 

at    662-663 

analysis  of  water  at   663 

Plain  township,  Ohio,  analysis  of  water 

from   653 

Platte  Basin,  stream  measurements  in   300-376 

Platte  River,  measurements  of   333-334 

rating  table  for   333 

diagram  showing  discharge  of   334 

Plunge  Creek,  California,  irrigation  from.  613-614 

measurements  of   614 

Poague  Run,  Virginia,  measurements  of. . , .  173 

Pogson,  R.  M.,  work  of   538 

Point  of  Rocks,  Md.,  stream  measurements 

at   152-153 

Point  Pleasant,  Pa.,  stream  measurements 

at   122 

Poland  Paper  Company,  Little  Androscog- 
gin River,  i)Ower  utilized  by   97 

Pomeroy,  Ohio,  water  supply  of   693 

Pomona,  Cal.,  electric  transmission  of  power 

to   548,549 

Pontoocook  Falls,  Androscoggin  River,  dam 

at   91 

Porridge  Run,  Virginia,  measurements  of..  170 

Port  Angeles,  Wash,,  rainfall  at   508 

Port  Crescent,  Wash.,  rainfall  at   508 

Port  Townsend,  Wash.,  rainfall  at   508 

Porter,  Dwight,  work  of   32, 122 

paper  on  water-power   streams  of 

Maine  by   34-111 

Porter,  H . ,  work  of   538 
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Portland,  Me.,  rainfall  at   101-108 

Portneuf  River,  Idaho,  irrigation  from  . .  445-446 
Potomac  Eiver,  sources  of  pollution  of..  132-149, 

153, 155-161 

power  and  pollution  of  tributaries  of.  133-161 

map  of  drainage  basin  of   133 

measurements  of   152-153 

diagram  showing  discharge  of   153 

Potter,  Nebr.,  elevation  of   782 

Powell,  A.  O.,  aid  by   265 

Prairie  Dog  Creek,  Nebraska,  irrigation 

from   779 

Preble  County,  Ohio,  character  of  rock 

water  in   655 

Pre-Glacial  channels,  Ohio,  location  of. . .  711-716 

artesian  wells  of   716-717 

Preston,  P-  J.,  acknowledgments  to   33 

Presumpscot  River,  lakes  tributary  to. .  37,  38,  97 

power  utilized  on   43,  97-99 

map  of  drainage  basin  of   84 

fall  of   97-98 

profile  of   98 

Price  electric-current  meter,  plate  showing.  24 
Princeton  dam,  St.  Croix  River,  storage  at.  44,  52 
Prineville,Oreg.,  stream  measurements  at.  496,  498 
Prineville  irrigation  canal,  Oregon,  measure- 
ments of   496,498 

Procters  Creek,  Georgia,  measurements  of.  240 

Prosperity,  N.  C,  water  power  at   190 

Provo  Canyon,  Utah,  stream  measurements 

at   441-442 

Provo  River,  Utah,  measurements  of   441-442 

rating  table  for   441 

diagram  showing  discharge  of   442 

Public  Works  Company,  Bangor,  Me.,  power 

utilized  by   56,  62,  63 

Pueblo,  Colo.,  stream  measurements  at...  356-357 
Pumpkinseed  Creek,  Nebraska,  measure- 
ments of   769 

Pumpkinseed  Valley,  Nebraska,  irrigation 

in   774 

Purgatory  River,  Colorado,  measurements 

of   358-360 

rating  table  for   358 

diagram  showing  discharge  of   360 

Pursley  Run,  Maryland,  measurements  of. .  148 
Pysht,  Wash.,  rainfall  at   508 

Q. 

Quarry  Palls  dam,  James  River,  descrip- 
tion of   167, 168 

Queen  Creek,  Arizona,  measurements  of.  417-418 

R. 

Rafter,  G.  W.,  cited   117,  262 

aid  by   119 

Rainfall,  Maine   57,  77,  80-84 

Kansas   366-367,  373 

Indian  Territory   366 

Washington   492,  501,  508 

Oregon   500,  508 

California   532-535,  537-539,  585,  616-621 

Nebraska   780 

Raleigh  Paper  Company,  Neuse  River,  power 

utilized  by   185 
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Railings  Run,  Virginia,  measurements  of..  170 

Ramseur,  N.  C,  water  power  at   191 

Ramshorn  canal,  Nebraska,  location  of   773 

Randleman,  N.  C,  water  power  at   191 

Randleman  Manufacturing  Company,  power 

utilized  by  mills  of   191 

Randolph  Manufacturing  Company,  North 

Carolina,  power  utilized  by  mill  of. .  191 

Rangelej^  Lakes,  Maine,  drainage  from   37 

storage  in   78,  87 

Rankine,  W.  J.  R.,  cited   31 

Rasher  ditch,  Nebraska,  location  of   776 

Rattlesnake   Creek,  Wyoming,  irrigation 

along   290 

Red  Bluir,  Cal.,  rainfall  at   538,  539 

Red  Bluff,  Mont.,  stream  measurements  at  279-280 
Red  Mountain,  Cal.,  stream  measurements 

at    518-519 

Red  Oak  Creek,  Georgia,  measurements  of  .  240 

Redington,  Nebr.,  elevation  of   782 

Redlands,   Cal.,   electric   transmission  of 

power  to   548,  549,  550 

views  of   578 

Redlands  boulevard  flume  and  pressure 

]»ipe,  Alessandro.  Cal.,  course  of   590 

Redlands  canal, California,  measurements  of  536 

view  of   580 

measuring  box  of   581-582 

plan  of  measuring  box  of   582 

course  of   589 

Redlands  Electric  Light  and  Power  Com-  • 

pany,  California,  operations  of. . .  549-550, 

553 

Redlands  Heights  irrigation  system,  de- 
scription of    560-561 

Redlands  reservoir,  California,  construction 

of....   580 

Redlands  Water  Company,  California,  op- 
erations of    579-580 

Reed  Creek,  Virginia,  measurements  of. . .  170, 173 
Reed  J'  Fork  of  Haw  River,  North  Carolina, 

power  of   189 

Reedy  River,  South  Carolina,  power  of   222 

Rees,  Hans  &.  Sons,  Virginia,  stream  pol- 
lution from  tannery  of   137-138 

Reese  Creek,  Montana,  measurements  of  .  273,  275 
Reichelderfer,  A.  C,  acknowledgments  to  . .  717 

Reid's  dam,  North  River,  description  of   161 

Reliance,  Tenn.,  stream  measurements  at . .  260 

Remington,  Nebr.,  elevation  of   785 

Republican  River,  Nebraska,  measurements 

of   338-340,351 

rating  tables  for   338,  339 

diagrams  showing  discharge  of   339,  340 

Resaca,  Ga.,  stream  measurements  at   241, 

245-246,  252 

Reservoirs,  California,  capacity  of   627-628 

Reynolds,  Ga.,  stream  measurements  at   240 

Richins,  W.,  work  of   417-418 

Richmond  Cotton  Mill,  North  Carolina, 

power  utilized  by   198 

Ridenbaugh  canal,  Idaho,  measurements 

of   452,453 

Rife  &  Schoppert,  power  utilized  by   139 

Rio  Grande,  measurements  of   381-390 
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Rio  Grande,  rating  tables  for   383, 

385, 386,  387-388,  389 

diagrams  showing  discharge  of    384, 

385, 387, 389,  390 
Rio  Grande,      Mex.,  stream  measurements 

at   386-387 

Ripley,  Ohio,  analysis  of  water  from   653 

Ritters  JFalls,  i^Torth  Carolina,  water  power 

at   190 

Rivanna  River,  Virginia,  measurements  of.  171 
Riverside,  Ala.,  stream  measurements  at. . .  241, 

246-249 

Riverside,  Cal.,   electric  transmission  of 

power  to   548,  549, 550 

Riverside  Mills,  Dan  River,  power  utilized 

by   176 

Riverton,  Va.,  stream  measurements  at. . .  137, 138 

water  power  at   138 

Roanoke  Mill  Company,  power  utilized  by. .  176 
Roanoke   Navigation    and  Water  Power 

Company,  operations  of   174-175 

Roanoke  Navigation  Company,  operations  of  174 
Roanoke  Rapids  "Water  Power  Company, 

power  utilized  by   175-176 

plate  showing  works  of   176 

Roanoke  River,  measurements  of  173, 181-182 

power  of   174-176 

rating  table  for.   181 

diagram  showing  discharge  of   182 

Roberdel   Cotton  Mills,  North  Carolina, 

power  utilized  by   198 

views  of  -   198 

Robinson,  A.  B.,  acknowledgments  to   717 

Robinson,  H.  C,  cited   55,66,86 

Robinson,  W.  E.,  work  of   632 

Robinson  Manufacturing   Company,  Pre- 

sumpscot  River,  power  utilized  by.  99 
Rock  Creek,  District  of  Columbia,  measure- 
ments of   155 

pollution  of   155 

Rock  Island  Run,  Virginia,  measurements 

of   171 

Rock  Island  Shoal,  Catawba  River,  power  at  208 
Rock  Island  Woolen  Mill,  Catawba  River, 

power  at   208 

Rock  waters  of  Ohio,  paper  by  Edward  Or- 

ton  on   633-717 

Rockfish  Creek,  North  Carolina,  power  util- 
ized on   187 

Rockfish  River,  Virginia,  measurements  of.  171 
Rockhill,  South  Carolina,  stream  measure- 
ments at   213-214 

Rooky  Creek,  Montana,  measurements  of..  271, 

273,  274 

Rocky  Ford,  Colo.,  stream  measurements  at.  353 
Rocky  Ford  Shoal,  Catawba  River,  power  at  -  210 

Rocky  Mount,  N.  C,  water  power  at   183 

Rocky  Row  Run,  Virginia,  measurements  of  170 

Rocky  Run,  Virginia,  measurements  of   170 

Rodebaugh,  I.  F.,  acknowledgments  to   717 

Rome,  Ga.,  stream  measurements  at   252 

Romney,  W.  Va.,  stream  measurements  at . .  134 

pollution  from   125 

Root,  A.  I.,  work  of   685 

Ross,  C.  P.,  work  of   32 
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Ross,  E.  M.,  judicial  decision  of   548,  596,  597 

Ross  Falls,  Catawba  River,  power  at   208 

Roswell,  Ga.,  stream  measurements  at   240 

Rottonwood  Creek,  Georgia,  measurements 

of   240 

Roubedeau  Pass,  Nebraska,  elevation  of  . . .  783 
Round  Top,  Nebraska,  columnar  section  at.  757 
Roundhouse  Rock,  Nebraska,  elevation  of. .  782 

Roundtop  Rock,  Nebraska,  elevation  of   783 

Rowlandsville,  Md.,  stream  measurements 

at   128-129 

Rumbarger  Company,  the  J.  L.,  stream  pol- 
lution from  sawmill  of   142 

Rumford  Falls,  Me.,  water  power  at          86,  90-91 

stream  measurements  at   92-97 

Rumford  Falls  Paper  Company,  Androscog- 
gin River,  power  utilized  by   91 

Rumford  Falls  Power  Company,  aid  by   92 

Rumford  Falls  Woolen  Company,  Andros- 
coggin River,  power  utilized  by   90 

Runge's  ditches,  Nebraska,  irrigation  by . . .  778 

Russell,  I.  C,  cited   467 

Russell,  W.  G.,  work  of   32 

Russell,  Kans.,  stream  measurements  at   351 

Rutland,  Nebr.,  elevation  of   785 

S. 

Saccarappa,  Me.,  power  utilized  at   99 

Saco,  Me.,  water  power  at    109 

Saco  River,  drainage  area  of   38, 108 

power  utilized  on  43, 109 

map  of  drainage  basin  of   84 

fall  of   108,109 

Saco  Water  Power  Company,  power  utilized 

by   109, 110,  111 

Sacramento  River,  California,  measurements 

of   508-510 

rating  table  for   509 

diagram  showing  discharge  of   510 

Sageeyah,  Ind.  T.,  stream  measurements 

at   369,  372 

St.  Catherine,  Ohio,  analysis  of  water  from . .  652 
St.  Croix  Log  Driving  Company,  operations 

of   46 

St.  Croix  River,  lakes  tributary  to         37,  38,  43-47 

power  utilized  on   42, 47-52 

map  of  drainage  basin  of   44 

timber  on  45, 46 

profile  of   49 

St.  Marys,  Ohio,  water  supply  of   659-660 

St.  Marys  township,  Ohio,  thickness  of  drift 

in   713 

St.  Michael,  Nebr.,  stream  measurements  at.  335 
St.  Paul,  Minn.,  stream  measurements  at.  265-270 
St.  Paul,  Nebr.,  stream  measurements  at.  324-326, 

328-331 

St.  Stephen,  New  Brunswick,  water  power 

at   51 

St.  Vrain  Creek,  Colorado,  measurements 

of   320-321 

rating  table  for   320 

diagram  showing  discharge  of   321 

Salem  Water  Supply  Company,  North  Caro- 
lina, electric  transmission  of  powei 
to   196 
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Salesville,  Mont.,  stream  measurements 

at    275-276 

Salida,  Colo.,  stream  measurements  at...  354-355 
Salina,  Kans.,  stream  measurements  at. . .  345-346 
Saline  River,  Kansas,  measurements  of. .  343-346, 

351 

rating  table  for   344,  345 

diagram  showing  discharge  of   345,  346 

Salisbury,  N.  C,  stream  measurements  at.  200-201 
Sallaooa  Creek,  Georgia,  measurements  of. .  252 

Sally  Creek,  Virginia,  measurements  of   171 

Salmon  Falls,  Saco  River,  power  at  109,110 

Salmon  Falls,  St.  Croix  River,  power  at   51 

Salt  Creek,  IS'ebraska,  measurements  of   335 

Salt  Creek,  Virginia,  measurements  of   170 

Salt  River,  Arizona,  measurements  of  418-420 

rating  table  for   419 

diagram  showing  discharge  of   423 

Saltpeter  Creek,  Virginia,  measurements  of.  170 
Saluda   Manufacturing  Company,  South 

Carolina,  power  utilized  by   221 

Saluda  River,  South  Carolina,  power  of. .  221-222 
San  Antonio  Light  and  Power  Company, 

California,  operations  of   549 

San  Bernardino,  Cal.,  rainfall  at  and. near. .  538, 

539,  568,  619,  620 

electric  transmission  of  power  to          548,  549 

San  Bernardino  Mountains,  views  in          540,  614 

San  Bernardino  Savings  and  Banking  Com- 
pany, California,  irrigation  by   613 

San  Bernardino  Valley,  California,  paper  by 

J.  B.  Lippincott  on  water  supply  of  540-632 

agricultural  conditions  in   540 

map  of  irrigation  systems  in   541 

early  irrigation  history  in   542-543 

duty  of  water  in   543-548 

electric  transmission  of  power  in   548-551 

San  I/iego,  Cal.,  rainfall  near   538,539 

San  Gabriel  canals,  California,  measure- 
ments of   530,531 

rating  table  for   530 

San    Gabriel   River,  California,  measure- 
ments of   528-529 

rating  table  for   528 

diagram  showing  discharge  of   529 

San  Joaquin  Electric  Company,  California, 

plant  of  516-518 

plate  showing  works  of   516,  518 

San  Joaquin  River,   California,  measure- 
ments of   514-516 

rating  table  for   515 

diagram  showing  discharge  of   516 

electric  transmission  of  power  from. .  516-518 
San  Joaquin  Valley,  California,  plate  show- 
ing methods  of  irrigation  in   546 

San  J uan  River,  measurements  of   409-410 

rating  table  for   409 

diagram  showing  discharge  of   410 

San  Luis  Rey  River,  California,  measure- 
ments of    532-535 

San  Marcial,  N,  Mex.,   stream  measure- 
ments at    387-389 

San  Miguel  River,  Colorado,  measurements 

of   406-407 

rating  table  for   406 

diagram  showing  discharge  of   407 
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Sand  dunes,  Nebraska,  occurrence  and  char- 
acter of   733,741 

Sand  hills,  i^ebraska,  topography  of   731 

plate  showing   740 

Sand-hill  streams,  !N"orth  Carolina,  power 

of   197-198 

Sandy  River,  Maine,  character  of   78 

Santa  Ana  canal,  California,  measurements 

of   535,536,571-572 

course  of   590 

construction  of   598-611 

views  of   598,  600,  608 

flume  of   599-603 

section  of  flume  of   600 

wooden  pressure  pipe  of   603-605 

tunnels  of   605-607 

tunnel  section  in   606 

connections  in   607-608 

sand  box  in   608 

power  drop  in   608 

Mill  Creek  bridge  crossing  of  610-611 

cost  of   611 

Santa  Ana  River,  California,  measurements 

of     535,569,572 

drainage  basin  of   567 

rainfall  in  basin  of   568,  585 

rating  table  for   569 

diagram  showing  discharge  of   570 

utilization  of  water  from   573-611 

run-ofl'  from  basin  of   585-586 

Santee  River,  course  of   204 

Sappington,  Mont.,  stream  measurements 

at    281-283 

Savage,  G.  ^f.,  work  of   538 

Savage,  H.  X.,  acknowledgments  to   33 

Savage  River,  Maryland,  measurements  of. .  143 

pollution  of   156 

Savannah  River,  measurements  of         223-225,  227 

rating  table  for   223 

diagrams  showing  discharge  of   224-225 

Saxapahaw,  N.  C,  water  power  at   188 

Saxapahaw  Cotton  Mills,  North  Carolina, 

power  utilized  by   188 

Schell.  W.  Va.,  stream  measiirements  at   141 

Schlitz  ditch,  Nebraska,  location  of   779 

Schoodic  Lakes,  Maine,  storage  at   46,47 

Schuyler,  J.  D.,  aid  by   561,628 

cited   587 

Schwartz-Hughson  ditch,  Nebraska,  loca- 
tion of   776 

Scotts  Bluff",  Nebr.,  elevation  at   730 

views  of   730,  756 

columnar  section  of   756 

plate  showing  bad  lands  near   758 

elevation  of   783 

Scotts  Blulf  County,  Nebr.,  irrigation  in  . . .  768, 

772,  773,  774 

elevations  in   783 

Seattle,  Wash.,  stream  measurements  at..  501-502 
Seattle    Power    Company,  Washington, 

stream  measurements  by   501 

Sebago  Lake,  Maine,  drainage  from  37,  38 

area  of   97 

measurements  of   99-108 

diagram  showing  level  of   100 

diagrams  showing  flow  from   101, 102 
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Sebago  "Wood  Board  Company,  Presump- 

scot  River,  power  utilized  by   99 

Sebasticook  Eiver,  Maine,  character  of   79 

Second  Broad  River,  South  Carolina,  power 

of   219 

Second  Garotte,  California,  rainfall  at         538, 539 

Sedan,  Kans.,  rainfall  at   366 

Sedan,  Nebr.,  elevation  of   783 

Seegars  &  Leedon,  California,  water  right  of  612 

Seegrist  ditch,  Nebraska,  location  of   777 

Seepage  measurements,  Nebraska   336-337 

on  Atanum  Creek,  Washington   469-473 

Seguin  Irrigation  Company,  Washington, 

operations  of   505 

Selah,  Wash.,  stream  measurements  at. . .  477-479 
Selah  Valley  irrigation  canal,  Washington, 

construction  of   463 

Selma,  N.  C,  stream  measurements  at  185-186 

Seneca  Creek,  Maryland,  measurements  of  .  155 

Seneca  River,  South  Carolina,  power  of   223 

Sequoia,  Cal.,  rainfall  near   538,  539 

Seven  Island  dam,  James  River,  description 

of   166 

Seven  Island  Shoal,  North  Carolina,  power 

utilized  at   188 

Shanahan  ditch,  Nebraska,  irrigation  by  . . .  778 
Sharon  conglomerate,  Ohio,  geologic  posi- 
tion of   638 

occurrence  and  character  of   649 

Sharpsburg,  Md.,   stream  measurements 

at   148-150 

Shaw,  John,  work  of   538 

Shawnee  township,  Ohio,  thickness  of  drift 

in   712 

Sheep  mountain,  Nebraska,  elevation  of   783 

Shenandoah  Basin,  water  power  and  sources 

of  pollution  iri   156-161 

Shenandoah  Pulp  Company,  power  utilized 

by   136,137 

Shenandoah  River,  Virginia,  measurements 

of   136,150-151 

power  and  pollution  of  tributaries  of.  136-140 

power  and  pollution  of   136-137, 

140, 156-161 

rating  table  for     150 

diagram  showing  discharge  of   151 

Shepherd,  W.  A.,  work  of   163 

Sheridan,  Wyo.,  stream  measurements  at  ..  297 
Shitike  Creek,  Oregon,  measurements  of  .  496,  498 
Shoshone  River,  Wyoming,  measurements 

of   290-293 

rating  table  for   292 

diagram  showing  discharge  of   293 

Sickman.  A.  F.,  aid  by   116 

Sideling  Creek,  Maryland,  measurements  of.  148 

Sidney,  Ohio,  water  supply  of   656-658 

sections  of  wells  at   657 

analysis  of  water  at   658 

plate  showing  flowing  well  at   658 

Sierer  &  Co.,  power  utilized  by   148 

Signal  Butte,  Nebraska,  columnar  section  at  754 

elevation  of   783 

Silers  Shoal,  North  Carolina,  water  power 

at   190 

Silt,  Lake  McDonald,  Texas,  measurements 

of   376-380 


Page. 

Silvey,  E,  A.,  work  of   538 

Simonson,  Wernerand,  analysis  of  waterby .  659 

Sinclair,  H.  H.,  acknowledgments  to   33 

Sioux  County,  Nebr.,  irrigation  in         775,  776, 779 

elevations  in   784 

Sir  Johns  Run,  West  Virginia,  measure- 
ment of   135 

Sisson,  Cal.,  rainfall  at   538,539 

Skowhegan,  Me.,  water  power  at   69 

Skowhegan  Water  Power  Company,  Ken- 
nebec River,  power  utilized  by   69 

Skull  Shoal,  South  Carolina,  power  of   218 

Sky  Line  canal,  Colorado,  irrigation  by   300 

plate  showing   300 

Slate  River,  Virginia,  measurements  of   171 

Slattery's  ditch,  Nebraska,  location  of   780 

Sleepy  Creek,  West  Virginia,  measurement 

of   136 

Smeed  siding,  Nebraska,  elevation  of   782 

Smileys  Falls,  Cape  Fear  River,  power  util- 
ized at   187 

Smith,  D.  W.,  work  of   690 

Smith,  E.  A.,  acknowledgments  to. .  -   33 

Smith,  H.  E.,  work  of   35 

Smith,  William,  work  of   538 

Smith,  Z.  O.,  acknowledgments  to   33 

Smith  Creek,  Montana,  measurements  of . . .  290 
Smiths  Creek.  Virginia,  measurements  of. . .  170 
Smiths  Creek,  Virginia,  water  power  and 

pollution  of   161 

Smiths  River,  North  Carolina,  power  of   177 

Smock's  ditch,  Nebraska,  location  of   777 

Smokestack  Rock,  Nebraska,  plates  show- 
ing  732,744 

elevation  of   783 

Smoky  Hill  River,  Kansas,  measurements  of 

tributaries  of    341-346 

measurements  of   346-347 

rating  table  for   346 

diagram  showing  discharge  of   347 

Snake  Creek,  Nebraska,  character  of   770 

Snake  River,  Idaho,  irrigation  from   444-447 

measurements  of   447-448,  460, 466 

rating  table  for   447 

diagram  showing  discbarge  of   448 

measurements  of  tributaries  of   448-451 

Snake  River,  Nebraska,  measurements  of. . .  300 

Snedden,  Burt,  work  of   538 

Sneddens,  California,  rainfall  at   538.  539 

Snow  Camp  Woolen  Mill,  North  Carolina. 

power  utilized  by   189 

Snow  Creek,  Virginir ,  measurements  of   170 

Snow  ditch,  Nebraska,  location  of   775 

Soldier  Creek,  Nebraska,  measurements  o^.  771 
Solduck  River,  Washington,  measurements 

of   504 

Solomon  River,  Kansas,  measurements  of.  341-343 

rating  table  for   341,  342 

diagrams  showing  discharge  of   342,  343 

Somerset  Mills,  Kennebec  River,  power  util- 
ized by   70 

Sonora,  Cal.,  rainfall  at   538,  539 

South  Boulder  Creek,  Colorado,  measure- 
ments of   318 

rating  table  for   318 

diagram  showing  discharge  of   318 
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South  Branch  of  Potomac  River,  measure- 
ments of   134 

fall  of   134 

pollution  of   135 

South  Carolina,  construction  of  canals  by.  205, 221 
stream  measurements  in   213-214 

South  Clearwater  River,  Idaho,  measure- 
ments of   460 

South  Fork  Company,  California,  irrigation 

by   577-578 

South  Fork  of  Broad  River,  Georgia,  meas- 
urements of   225,227 

South  Fork  of  Catawba  River,  power  of   211 

South  Fork  of  Potomac  River,  measure- 
ments of   134 

South  Fork  of  Roanoke  River,  measure- 
ments of   173 

South  Fork  of  Shenandoah  River,  measure- 
ments of   138 

water  power  and  pollution  of   157, 158 

South  Fork  of  Shoshone  River,  "Wyoming, 

irrigation  along   290 

South  Loup  River,  measurements  of   335 

South  Platte  River,  measurements  of ... .  311-31"6, 

323,  335 

rating  tables  for   312, 313, 315 

diagrams  showing  discharge  of  . .  313,  314,  316 

measurements  of  tributaries  of  317-322 

South  River,  Georgia.  See  Ocmulgee  River. 

South  River,  Virginia,  measurements  of   138 

power  of   139 

water  power  and  pollution  of   158 

South  River,  Virginia,  measurements  of. .  171, 173 
South  River  dam,  Virginia,  description  of. .  164 
South  Tiger  River,  South  Carolina,  power  of.  218 
South  Tuscarora  Creek,  Maryland,  meas- 
urements of   153 

South  Yadkin  River,  power  of   199 

Southern  California  Improvement  Company, 

works  of   629-632 

Southern  California  Power  Company,  hy- 
draulic plans  of   550-551 

Southern    Pacific   Company,  acknowledg- 
ments to  32-33 

aid  by   423,512,538 

Southside  Cotton  Mills,  North  Carolina, 

electric  transmission  of  power  to. . .  196 
Sowbelly  Creek,  Nebraska,  irrigation  from  .  779 
Spanish  Creek,  Montana,  measurements  of .  290 

Spednic  Falls,  St.  Croix  River,  power  at  47,  48 

Spencer  Mountain  Mill,  North  Carolina, 

power  utilized  by   211 

Spokane,  Wash.,  stream  measurements  at.  487-489 
Spokane  River,  Washmgton,  measurements 

of   460,487 

rating  table  for   487 

diagram  showing  discharge  of   489 

Spotted  Tail  Springs,  Nebraska,  elevation 

of   784 

Spragues  Falls,  St. Croix  River,  power  at.  47,  48, 50 
Spray  Cotton  Mill,  Roanoke  River,  power 

utilized  by   177 

Spray  Mercantile  Company,  Roanoke  River, 

power  utilized  by   177 

Spring  Creek,  Nebraska,  irrigation  from. . .  776 
Spring  Lakes,  Nebraska,  elevation  of   782 
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Spring  Shoal,  North  Carolina,  power  at   211 

Springfield,  "W.  Va.,  stream  measurements 

at   134 

Springfield  Cotton  Mill,  North  Carolina, 

power  utilized  by   198 

Springs  in  western  Nebraska,  features  of.  766-767 
Sprouts  Run,  Virginia,  measurements  of. . .  170 
Squaw  Creek,  Nebraska,  measurements  of  .  771 

irrigation  from   780 

Squirrel  Inn,  California,  rainfall  at  618,  620 

Stanislaus  and  San  Joaquin  Valley  canal, 

California,  measurements  of  510, 536 

Stanislaus  River,  California,  measurements 

of   510-512 

rating  table  for   511 

diagram  showing  discharge  of   512 

Staunton,  Va.,  stream  pollution  at   139 

Staunton  River,  measurements  of         174, 180-181 

rating  table  for   180 

diagram  showing  discharge  of   181 

Steamboat  Rock,  Nebraska,  elevation  of   783 

Steel  ditch,  Nebraska,  location  of   779 

Steele's  cotton  mill.  North  Carolina,  power 

utilized  by   198 

Steep  Falls,  Maine,  water  power  at   1 10 

Steubenville,  Ohio,  water  supply  of   693 

Stewart  ditch,  Nebraska,  location  of   776 

Stewarts  Creek,  North  Carolina,  power  of . .  199 

Stillwater,  Me.,  water  power  at   62 

Stinking  "Water.    See  Shoshone  River. 

Stitt,  J.  G.,  work  of   538 

Stone  Bridge  Run,  Virginia,  measurements 

of   136 

water  power  and  pollution  of   157 

Stonebraker  &  Co.,  power  utilized  by   149 

Stonewall  Creek,  Virginia,  measurements 

of   170 

Stony  Creek,  Virginia,  water  power  and  pol- 
lution of   160-161 

Stony  River,  Maryland,  measurements  of  . .  142 
Story  Mill  ditch,  Montana,  measurements 

of   271, 273,  274 

Story's  ditch,  Nebraska,  location  of   780 

Stout,  O.  V.  P.,  work  of   32,  336 

cited   323 

Stovalls  Creek,  Va.,  measurements  of   170 

Stowesville  Cotton  Mill,  North  Carolina, 

power  utilized  by   261 

Strasburg,  Va.,  water  power  and  stream 

polution  at   138 

Stream  measurements,  report  by   F.  H. 

Newell  and  others  on  progress  of  . .  1-632 

methods  of   18-30 

Stryker,  Ohio,  attitude  of   699 

water  supply  of   702-704 

section  of  drift  near   702 

analysis  of  water  at   704 

Summers  Shoal,  Broad  River,  power  at   216 

Sunflower,  Nebr.,  elevation  of   783 

Sunny  side  Association,  California,  irriga- 
tion by..   577-578 

Sunnyside  canal,  "Washington,  construction 

of   461,  463 

Superior,  Nebr.,  stream  measurements  at.  338-339, 

351 

Surratts  Shoal,  Broad  River,  power  at   217 
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Susquehanna  River,  measurements  of  122-127 

diagrams  showing  discharge  of  123, 124 

rating  table  for   124 

Swain,  G.  F.,  cited   35,  85, 108,  111 

quoted   205-208 

Swan  ton,  Ohio,  water  supply  of   706-707 

section  near   706 

Sweetwater  Creek,  Georgia,  measurements 

of   240 

Sweetwater  dam,  California,  rainfall  at..  538,539 

Swepsonville,  N.  C,  water  power  at   188 

Swezey,  C.  D.,  cited   780 

Swift,  Lewis,  work  of   538 

Swift  Island  Shoal,  North  Carolina,  water 

power  at   194 

Sysledobsis  Lake,  Maine,  stftrage  at   46 

Tabor,  E.  F.,  work  of   532 

Talking   Rock   Creek,  Georgia,  measure- 
ments of   252 

Tallapoosa  River,  measurements  of   249-250 

rating  table  for   249 

diagram  showing  discharge  of   250 

Tallassee,  Ala.,  water  power  at   249 

Tallulah  Falls,  Savannah  River,  power  at. .  223 

Tar  River,  measurements  of   183-184 

rating  table  for   183 

diagram  showing  discharge  of   184 

Tarboro,  N.  C,  stream  measurements  at.  183-184 
Tatoosh  Island,  Washington,  rainfall  at...  508 

Taylor,  L.  H.,  work  of   32 

Taylor,  T.  TJ.,  work  of  :   32,376 

Tejon  ranch,  California,  rainfall  at   538, 539 

Tempe,  Ariz.,  water  development  at   565 

Temple,  S.  C,  cited   169  (note) 

Tennessee,  stream  measurements  in   260-262 

Tennessee  Basin,  stream  measurements  in  256-262 

Tennessee  River,  measurements  of   260-262 

rating  table  for   260 

diagrams  showing  discharge  of.   262 

Tertiary  grit,  Nebraska,  occurrence  of. . .  734,  741 

Texas,  stream  measurements  in   389-390 

Thatcher,  B.  B.,  <fe  Co.,  Penobscot  River, 

power  utilized  by   62 

Three  Forks  Run,  Maryland,  pollution  of.  156 

Threeforks,  Mont.,  gaging  station  at   279 

Tiffin,  Ohio,  water  supply  of   677-678 

Tiger  River,  South  Carolina,  power  of   218 

Timber  ditch,  California,  construction  of. .  573, 

576,  577 

Timber  in  Nebraska,  occurrence  of   781 

Tinker  Creek,  Virginia,  measurements  of. .  173 
Tinney  ditch,  California,  construction  of-  573,576 
Titanotherium  beds,  Nebraska,  occurrence 

of   759 

Titanotherium  robustum,  plate  showing. . .  762 
Todd,  Frank,  St.  Croix  River,  power  util- 
ized by  mills  of   51 

Toledo,  Ohio,  water  supply  of   677 

Tombigbee  River,  course  of   250 

Toms  Brook,  Virginia,  water  powers  and 

pollution  of   160 

Tooters  Creek,  Virginia,  measurements  of. .  171 
Toponis,  Idaho,  stream  measurements  at.  448-449 
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Toronto,  Kans.,  rainfall  at   366,  367 

Touhy'a  ditch,  Montana,  measurements  of  273, 274 
Town  Creek,  Maryland,  measurements  of. .  147 
Townsend,  Mont.,  stream  measurements 

at   283,285 

Trenton  limestone,  Ohio,  occurrence  and 

character  of   638, 639-641 

analysis  of   639 

character  of  water  from   651-654 

analyses  of  water  from   652,  653, 654 

Trevitt,  "William,  well  drilled  in  Bryan, 

Ohio,  for   701 

Trinidad,  Colo,  stream  measurements  at.  358-360 

Trognitz  ditch,  Nebraska,  irrigation  by   778 

Trough  Shoal,  South  Carolina,  power  of   218 

Trout  Creek,  Wyoming,  irrigation  along   290 

Trumbull,  Frank,  acknowledgments  to. ...  34 
Trunk  Butte  Creek,  Nebraska,  irrigation 

from   777 

Tucapau  Mills  Company,  South  Carolina, 

power  utilized  by   218 

Tuckaseegee  Manufacturing  Company,  Ca- 
tawba River,  power  utilized  by   208 

Tuckaseegee  River,  North  Carolina,  gaging 

station  on   256-257 

Tuckaseegee  Shoal,  Catawba  River,  power 

at   208 

Tiicker's  ditch,  Nebraska,  location  of   776 

Tulsa,  Ind.  T.,  rainfall  at   366 

Tumbling  Run,  Virginia,  water  power  and 

pollution  of   160 

Tumbling  Shoal,  South  Carolina,  power  at  219,  222 
Tuolumne  River,  California,  measurements 

of   512-514 

rating  table  for   513 

diagram  showing  discharge  of   514 

Turner's  ditch,  Nebraska,  location  of   780 

Tuscaloosa,  Ala.,  stream  measurements  at  250-252 

Twin  dam,  Penobscot  River,  storage  at  59-60 

Twin  Lakes,  Maine,  storage  at   54 

Twin  Mounds,  Nebraska,  elevation  of   782 

Twin  Sisters,  Nebraska,  plate  showing.. .  734 

geologic  formations  at   750-751 

Twombly,  A.  H.,  aid  by    79 

Tye  River,  Virginia,  measurements  of   171 

Tye  River  dam,  James  River,  description  of  166 
Tygh  Creek,  Oregon,  measurements  of   498 
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Uinta,  Utah,  stream  measurements    440-441 

Umatilla  River,  Oregon,  measurements  of  493-494 

rating  table  for   493 

diagram  showing  discharge  of   494 

Umbagog-Rangeley  Lakes, Maine,  storage  in  85-87 
Uncompahgre  River,  Colorado,  measure- 
ments of   402-404 

rating  curve  for   403 

rating  table  for   403 

diagram  showing  discharge  of   404 

Union  Falls,  Maine,  water  power  at  109, 110 

Union  Gap,  Wash.,  stream  measurements 

at   473,479-481 

Union  Knitting  Mills,  Maryland,  stream 

pollution  from   153 
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Union  Pacific,  Denver  and  Gulf  Railway, 

acknowledgments  to   33 

Union  township,  Ohio,  water  supply  of   711 

Union  "Water  Power  Company,  Androscog- 
gin River,  power  utilized  by  87-89 

United  Industrial  Company,  Roanoke  River, 

power  utilized  by   176 

United  States  Army,  aid  by  Engineer  Corps 

of   241,250 

report  of  Chief  of  Engineers  cited   264 

United  States  Leather  Company,  stream  pol- 
lution from  tanneries  of   135, 145 

United  States  Weather  Bureau,  aid  by..  227-228, 

265.  538 

Upper  Barren  Measures,  Ohio,  geologic  char- 
acter of   638 

occurrence  and  character  of   649-650 

Upper  Holcomb,  Cal.,  rainfall  at   538,539, 

568,  618,  620 

Upper  Missouri  Basin,  stream  measurements 

in   271-287,290 

Upper  Productive  Measures,  Ohio,  geologic 

position  of   638 

occurrence  and  character  of   649-650 

Upper  Sandusky,  Ohio,  water  supply  of . .  670-671 

analysis  of  water  at   670 

Urback  ditch,  Nebraska,  irrigation  by   778 

Utah,  stream  measurements  in  .394, 396-398, 433-442 

Utah  Lake,  irrigation  near   443 

Utica  shale,  Ohio,  geologic  position  of   638 

occurrence  and  character  of   641 

Uva,  Wyo.,  stream  measurements  at   302-303 

Y. 

Valdeg  ditch,  Nebraska,  location  of   779 

Valentine,  Nebr.,  stream  measurements  at. .  300 
Valley   Improvement    Company,  Oregon, 

canal  constructed  by   499 

Van  Pattens  Shoal,  South  Carolina,  povi  er  at  217 
Vance  Iron  Works,  North  Carolina,  electric 

transmission  of  power  to   196 

Vanceboro  dam,  St. Croix  River, storage  at. 44, 46, 47 
Varneys  Falls  dam,  James  River,  descrip- 
tion of  167,168 

Veazie,  Me.,  dam  at   63 

water  supply  of   56,  63 

Verde  River,  Arizona,  measurements  of . .  420-423 

rating  table  for   422 

diagram  showing  discharge  of   423 

Verdigris  River,  character  of   363-365 

map  of  drainage  basin  of   364 

precipitation  on  drainage  area  of.  366-367, 373 

measurements  of   368-372 

rating  table  for   369 

diagrams  showing  discharge  of. .  370, 371,  372 

curve  showing  mean  velocity  of   373-374 

Vineland  irrigation  district,  California, 

develojjment  works  of   566,567 

Vining,  Ga.,  stream  measurements  near   240 

Virginia,  stream  measurements  in   136-138, 

140, 158, 161-163, 169, 172-173, 178-181 
Virginia  Cotton  Mills  Company,  North 

Carolina,  power  utilized  by   188 

Vischner,  Herbert,  cited   587, 588 
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Yogleson,  J.  A.,  work  of   521 

Volcanic  ash,  Nebraska,  occurrence  and 

character  of   747, 760-761 


Wabaunsee  formation,  Nebraska,  occur- 
rence and  character  of   738 

Wachovia  Grain  Mills,  North  Carolina,  elec- 
tric transmission  of  power  to   196 

Wagoner,  Luther,  cited   587,  588 

Waite.S  P..aid  by   621 

Walker,  James,  &  Co.,  Penobscot  River 

power  utilized  by   63 

Walker  8  gristmill,  North  Carolina,  power 

utilized  by   191 

Wallawalla,  Wash.,  map  of  streams  near. . .  491 

rainfall  at   492 

Wallawalla  River,  Washington,  character 

of   490-492 

measurements  of   492 

Walling  ditch.  Idaho,  measurements  of   453 

Wappan  Run,  Virginia,  measurement  of. . .  137 

water  power  and  pollution  of   157 

Warbonnet  Creek,   Nebraska,  irrigation 

from   779-780 

Warbonnet  ditch,  Nebraska,  location  of   780 

Wares  mill,  Saluda  River,  power  utilized 

by   221-222 

Warm  Spring,  Georgia.,  measurements  of..  240 
Warm  Spring  Run,  West  Virginia,  meas- 
urements of   135 

Warm  Springs,  Ga.,  stream  measurements 

at   240 

Warm  Springs, Oregon, measurements  of..  498 
Warmsprings,  Cal.,  stream  measurements 

at   535,569-572 

Warneke's  ditch,  Nebraska,  location  of   775 

Warren,  A.  K  ,  aid  by   523 

Warren,  J.  A.,  cited   98 

Warren ,  S.  D . ,  &  Co. ,  aid  by   79 

power  utilized  by   98 

stream  measurements  by   99 

Warren,  Wyo.,  stream  measurements  at   293 

Warren  County,  Ohio,  character  of  rock 

water  in   655 

Warwick  mill  race,  Georgia,  measurements 

of   227 

Washburn,  G.  E.,  well  drilled  by   689 

Washington,  stream  measurements  in   466, 

477-489,  492,  501-502 
Washington,  D.  C,  stream  measurements  at  155 
Washington  Water  Power  Company,  power 

utilized  by   487 

Wasp  Rock  dam,  James  River,  description 

of   167,168 

Water  Supply  and  Storage  Company  of  Colo- 
rado, irrigation  by  canal  of   300 

Wateree  River.    See  Catawba  River. 
Water-lime,  Ohio,  occurrence  and  character 

of...   644-646 

Waterloo,  South  Carolina,  gaging  station  at.  204 

Waterville,  Me.,  waterpowerat  70-71 

figure  showing  dam  at   71 

stream  measurements  at  71-78 
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Wauneta,  Nebr.,  atream  measurements  at..  351 

"Wauseon,  Ohio,  water  supply  of   707-709 

Waverly  group,  Ohio,  character  of  water 

from   685-690 

analyses  of  water  from   686,  688 

Wayne,  E.  S.,  analysis  of  water  by   661 

Waynesboro,  Ya.,  water  power  at   139 

stream  pollution  at   139 

Weber,  R.  A.,  analyses  of  water  by . . .  661,  662,  688 
Weber  River,  Utah,  measurements  of   440-441 

rating  table  for   440 

diagram  showing  discharge  of   441 

Webster,  Me.,  water  power  at   62 

Webster  and  Eing  Pulp  Company,  Penob- 
scot Eiver,  power  utilized  by   62 

Webster  Paper  Company,  Penobscot  Eiver, 

power  utilized  by   55-56,  62 

Weirs,  description  of  floating   555-557 

sections  of   557,592,593,594,595 

various  forms  of   591-596 

Weiser,  Idaho,  stream  measurements  at   458 

Weiser  Eiver,  Idaho,  measurements  of. . .  456-458 
rating  table  for   457 

diagram  showing  discharge  of   458 

Weldon,  N.  C,  water  power  at   174-176 

Welling  ditch,  JSTebr.,  location  of   776 

Wells,  Walter,  cited   34, 37, 

44,  46, 47,  54,  55, 57,69,  85,  86,  87,  97, 110,  111 
quoted   52-53 

Wenache,  Wash.,  stream  measurements  at  489-490 
Wenache  Eiver,  Washin  gton,  measurements 

of   489-490 

rating  table  for  \   490 

Wenache  Water  Power  Company,  Washing- 
ton, aid  by   489 

construction  of  canal  by   490 

Werner  and  Simouson,  analysis  of  water  by .  659 
West  Ash  Creek,  Nebraska,  measurements 

of   771 

irrigation  from   776 

West  Ash  Creek  Irrigation  Company,  Ne- 
braska, location  of  ditch  of   776 

West  Fork  of  Milk  Eiver,  Montana,  meas- 
urements of   290 

West  Gallatin  Eiver,  measurements  of. . .  275-277 

rating  table  for   276 

diagram  showing  discharge  of   277 

West  Milan,  N.  H.,  rainfall  at   93-94, 96 

West  Point,  Ga.,  stream  measurements  at.  237-239 
West  Eedlands  Water  Company,  California, 

operations  of   582-583 

West  Twin  Creek,California,  irrigation  from  613 

ni  eas  urements  of   613 

West  Twin  Creek  Water  Company,  Califor- 
nia, irrigation  by   613 

West  Unity,  Ohio,  elevation  of   699 

water  supply  of   704-705 

West  Virginia,  stream  measurements  in.  134, 135, 
136, 138, 141, 142,144, 146,150-151,253-256 
Westbrook  Electric  Light  and  Power  Com- 
pany, Presumpscot  Eiver,  power 

utilized  by   99 

Westbrook  Manufacturing  Company,  Pre- 
sumpscot Eiver,  power  utilized  by.  99 
Westernport,  Md.,  water  supply  of   143 
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Westernport,  Md.,  stream  pollution  at   144 

stream  measurements  at   144 

Wetumpka,  Ala.,  water  power  at   241 

Wheatland,  Wyo.,  map  of  canals  near   304 

Whisky  Creek,  Virginia,  water  powers  and 

pollution  of   159 

Whitby,  Ohio,  analysis  of  water  from   652 

White  Clay  Creek,  Nebraska,  measurements 

of   771 

irrigation  from   776 

White    Eiver,    Nebraska,  measurements 

of   298-299,771-772 

rating  table  for   299 

irrigation  from   776 

White  Eiver,  Oregon,  measurements  of   498 

White  Eiver  Basin,  Nebraska,  irrigation 

map  of   774 

irrigation  in   775  -777 

White    Eiver  Irrigation   Company,  Ne- 
braska, location  of  ditch  of   776 

White  Eiver  Valley,  Nebraska,  topography 

of    730-731 

Whitlows,  Arizona,  stream  measurements 

at    417-418 

Whitman,  Wash.,  stream  measurements  at .  492 

Whitney,  Nebr.,  stream  measurements  at  . .  771 

elevation  of   785 

Widemouth  Creek,  Virginia,  measurements 

of   270 

Wildcat  Mountain,  Nebraska,  columnar  sec- 
tion near   740 

elevation  of   783 

Williams,  S.,  acknowledgments  to   33 

Williams  County,  Ohio,  flowing  wells  in   698 

Williams  Gap,  Nebraska,  elevation  of   783 

Williamsport,  Md.,  stream  pollution  at   148 

Williams's  mill,  North  Carolina,  power  util- 
ized by   188 

Willis  Eiver,  Virginia,  measurements  of  . . .  171 

Willow  Springs,  Nebraska,  elevation  of   783 

Wills  Creek,  Mar^'land,  pollution  of   145 

Wilson,  H.  M.,  cited   544 

Wilson,  J.  M.,  aid  by   727 

Wilson,  M.  N.,  stream  pollution  from  mills 

of   142 

Wilson,  Md.,  stream  pollution  at   142 

Wilson  ditch,  Nebraska,  location  of   777 

Winchell,  N.  H.,  cited   668 

Wind  Springs,  Nebraska,  elevation  of   784 

Windmill  irrigation,  Nebraska,  experiments 

with   780 

Winslow,  Me.,  water  power  at   70 

Winston-Salem  Electric  Company,  North 

Carolina,  transmission  of  power  to. .  196 

Winter  canal,  Nebraska,  irrigation  by   305 

elevation  of  intake  of  —   783 

Winter  Creek  canal,  Nebraska,  construc- 
tion of   772,773 

Winter  Springs,  Nebraska,  elevation  of   783 

Wolf  &.  Co.,  power  utilized  by   148 

Worth  Manufacturing   Company,  North 
Carolina,  power  utilized  by  mill 

of   191 

Worthville,  North  Carolina,  water  power 

at  o   191 
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"Worumbo  Manufacturing  Company,  An- 
droscoggin River,  power  utilized  by  88 

Wood,  Adolph,  acknowledgments  to   33 

Wood,  Dr.,  cited   698 

Wood  County,  Ohio,  character  of  rock  water 

in   652 

Woodbury,  Ga.,  stream  measurements  at . .  240 
Woodlawn  Manufacturing  Company,  Xorth 

Carolina,  power  utilized  by  mill  of..  211 

Woodruff  ditch,  Nebraska,  location  of        777, 780 

Woods  Landing,  Wyo.,  stream  measure- 
ments at   300-301,  303 

Woodstock,  Md.,    stream  measurements 

at  129-130 

Wreck  Island  Creek,  Virginia,  measure- 
ment of   170 

Wright  Act,  California,  operations  of   598 

Wrights  Gap,  Nebraska,  elevation  of   783 

Wyman,  jr.,  W.  S.,  acknowledgments  to...  33 

Wyoming,  stream  measurements  in   293, 

297-298,  300-303,  306-307,  391-396 
Wyoming  Development  Company,  irriga- 
tion by  canals  of   303 

plates  showing  works  of   302,  304 

Y. 

Yadkin   Falls   Manufacturing  Company, 

North  Carolina,  power  utilized  by . .  195 
Yadkin  Navigation  Company,  operations  of  197 

Yadkin  River,  course  of   194 

power  of   194-197 

power  of  tributaries  of   197-200 

measurements  of   200-204 

rating  tables  for   200, 203 

diagrams  showing  discharge  of   201,  204 

rating  curve  for   202 

Yahoola  Creek,  Georgia,  measurements  of.  240 
Yahoola  ditch,  Georgia,  measurements  of . .  240 
Yakima  Indian  Reservation  canal,  Wash- 
ington, construction  of   465 
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Yakima  Irrigation  and  Improvement  Com- 
pany, construction  of  canal  of   465 

Yakima  Land  Company,  wells  drilled  by.  467-468 

Yakima  River,  irrigation  from   461-467 

map  of  drainage  basin  of   462 

measurements  of   477-486 

rating  tables  for   478-479,  484 

diagrams  showing  discharge  of   479,  480, 

481,  486 

rating  curve  for   484 

Yakima  Valley  irrigation  canal,  construc- 
tion of   463 

Yakima  Water,  Light  and  Power  Companj", 

irrigation  by  canal  of   463 

Yallup  Indian  ditch,  Washington,  measure- 
ments of  ;   470,  472 

Yarbrough's   gristmill,    South  Carolina, 

power  utilized  by   217 

Yeates,  W.  S.,  acknowledgments  to   33 

Yellow  River,  Georgia,  measurements  of.  229-230 

rating  table  for   229 

Yellowstone  Basin,  stream  measurements 

in   287 

Yellowstone  River,  measurements  of   287-290 

rating  table  for   288 

diagram  showing  discharge  of    289 

York  Manufacturing  Company,  Saco  River, 

power  utilized  by   109 

Yosemite,  Cal.,  rainfall  at   538,539 

Youngfelt,  E.  T.,  stream  measurements  by.  770, 

771, 773 

Youngstown,  Ohio,  water  supply  of   693 

Yuma,  Ariz.,  gaging  station  at   423 

Z. 

Zanesvillo,  Ohio,  water  supply  of   693 

Zerbst  ditch,  Nebraska,  location  of   779 

Zwerner,  J.  F.,  work  of   673 


